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EXECUTIVE SUMMARY 
 
The brachiopods described in this thesis were collected from the Hovsugol and 
Dzhirem-Ula sections of southeastern Mongolia. A total of fifty-eight brachiopod species, 
including eight new species of Dyoros (Dyoros) magniconvexus, Dyoros (Lissosia) 
planiminisculus, Paramarginifera pentagona, P. convexa, P. sulcata, Linoproductus planiconvexus, 
Jilinmartinia hovsugolensis and J. medius, belonging to twenty-eight genera have been described 
systematically from the Hovsugol section. For the Dzhirem-Ula section, a total of forty-four 
brachiopod species belonging to twenty-seven genera have been described and discussed. Through 
the detailed discussion of brachiopods from the marine Permian of southeastern Mongolia, the age 
of the Kharanudunsk Formation in the Hovsugol section is discussed and considered to be mainly 
Kungurian, possibly extending down to the Artinskian, and the age of the Lugin-Gol Formation in 
the Dzhirem-Ula section is considered to be Roadian to Capitanian. Specifically, the age of the 
Tsagan-Ula horizon at the Dzhirem-Ula section which contains the Liosotella 
decimana-Waagenoconcha angustata Assemblage is suggested to be Rodian to Wordian. The age 
of the Solonker horizon from the same section, which succeeds the Liosotella 
decimana-Waagenoconcha angustata Assemblage and is marked by the Echinauris jisuensis 
Assemblage, is considered to be Wordian to Capitanian. On the one hand, the brachiopod faunas 
from southeastern Mongolia exhibit strong affinities at species level with those of Beishan in 
northwest China, Ekenalsileng area of Badain Jaran Desert, Zhesi, Xiujimqinqi and 
Dongujimqinqi areas in Inner Mongolia, South Primorye of Russian Far East and South Kitakami 
and Hida Gaien belts in Japan. On the other hand, the brachiopod faunas from southeastern 
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Mongolia are very different from those of the Transbaikal region, central-northeastern Mongolia 
and northeastern Russia in general. Based on biogeographical features and comparisons of the 
brachiopod faunas, the Hovsugol fauna is dominated by cold-water Boreal and endemic 
components with little or no warm-water elements, in contrast to the Dzhirem-Ula fauna which 
exhibits strong mixed biogeographical affinitis marked by the co-existence of both high-latitude 
cool- to cold-water and low-latitude warm-water species. Moreover, the degree of biogeographical 
mixing appears to have increased (or intensified) from Roadian to Capitanian at the Dzhirem-Ula 
section, where the older Liosotella decimana-Waagenoconcha (Waagenochocha) angustata 
assemblage (Roadian to Wordian) is dominated by cold-water species, with few typical 
warm-water Tethyan species, in contrast to the younger Echinauris jisuensis assemblage of 
Capitanian age, which is evidently characterised by the intermingling of both Boreal-type 
cold-water/cool-water elements with warm-water Tethyan species. The mixed affinities of marine 
Permian faunas in southeastern Mongolia are explained by their palaeogeographical and 
palaeobiogeographical conditions during the Kungurian to Capitanian. In this regard, the marine 
basin in southeastern Mongolia is thought to have been connected to the Sino-Mongolian seaway 
(part of the Palaeo-Asian Ocean), which also included much of northeastern China, southern part 
of Primorye in Far East Russia and also parts of Japan. The Sino-Mongolian seaway was an 
epicontinental basin for most of Guadalupian (Middle Permian) times, and was heavily influenced 
by both warm-water ocean currents from the palaeoequatorial region including South China and 
cold-water currents from the palaeo-Arctic. It is therefore highly likely that southeastern 
Mongolia's somewhat unique palaeogeographical and palaeoceanographical position in the Middle 
Permian facilitated the development of a distinctive biogeographically mixed marine fauna, 
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correlative to similarly mixed coeval faunas from other parts of the Sino-Mongolian seaway. By 
the end of the Middle Permian (Guadalupian), the entire Sino-Mongolian seaway is believed to 
have been completely closed, as indicated by the cessation of marine sedimentation in 
southeastern Mongolia and adjacent basins in North China, and local extinction of the abundant 
Middle Permian mixed marine fauna from these basins. 
 
 
Keywords: Brachiopods, Permian, Southeastern Mongolia, Hovsugol, Dzhirem-Ula, 
Biostratigraphy, Sino-Mongolian seaway, Palaeogeography, Palaeobiogeography. 
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CHAPTER 1: INTRODUCTION 
 
1.1  General introduction  
This research project covers the study of marine Permian palaeontology, 
particularly the brachiopod fauna, and the Permian marine strata and stratigraphy of 
southeastern Mongolia. The study area is geographically bounded by the Russian 
Federation to the north and China to the south (Figure 1.1). The marine basins of 
Carboniferous-Permian age in central and southern Mongolia are rich in brachiopod 
fossils. Recent geological and palaeontological studies indicate that the Permian 
faunas are transitional in terms of their palaeobiogeographical affinities where faunas 
from higher latitude (i.e., Boreal or Arctic areas) and lower latitude (i.e., South China 
or Cathaysia) intermingled resulting in a biogeographically admixed  fauna containing 
both warm-water (palaeotropical) and cool-water (temperate) elements (Shi et al., 
1995). Thus, the area is regarded as a key region to correlate both the strata and 
faunas from cold-water higher latitude areas with warm-water faunas and sequences 
of lower latitudes. Usually, the lower latitude marine Permian rock sequences contain 
abundant, high-resolution and biostratigraphically important taxa such as fusulinid 
and conodont fossils (Sheng and Jin, 1994; Jin et al., 1997; 1999; 2006; Chen et al., 
2008), while in the middle to higher latitude regions including areas like southeastern 
Mongolia, there is, generally, a lack or scarcity of these biostratigraphically more 
sensitive fossils (index fossils).  In contrast, brachiopods were very common and 
widespread in both lower and higher latitudes during the Permian. As such, 
brachiopod faunas, especially those from the biogeographically mixed or transitional 
zones like those from southeastern Mongolia, have been proposed and used as 
‗bridging faunas‘, or ‗biostratigraphic gateways‘, to aid and enhance biostratigraphic 
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correlations between higher latitude Arctic regions and the lower latitude (or 
Palaeoequatorial) regions (Shi et al., 1995; 2002a; 2003; Shi, 2006). Additionally, as 
noted by Shi (2006), fossil faunas from the biogeographically mixed or transitional 
zones like those studied here, provide important information for a better 
understanding of the regional palaeobiogeography, palaeogeography, palaeoclimate 
and palaeo-oceanography. 
However, despite their potential biostratigraphical and biogeographical 
significance as noted above, the systematics of the Permian brachiopod fauna of 
southeastern Mongolia remains under-studied and their ages are poorly constrained. 
There have been several important previous reports of Permian brachiopods from 
south and southeast Mongolia (Pavlova et al., 1991; Manankov, 1998a; 1998b; 1999; 
2002; 2004; 2012), but these studies typically focused on some taxa, instead of the 
whole fauna, and thus lacked a holistically faunalistic approach. 
Additionally, none of these previous studies specifically discussed the 
biostratigraphical potential of these faunas and their role in reconstructing regional 
palaeobiogeography, palaeoclimate and palaeogeography, the latter including aspects 
of palaeo-oceanography. The most recent study on Permian brachiopod faunas of 
Mongolia is the monographic work of Afanasjeva and colleagues (Afanasjeva et al., 
2003), which systematically described and illustrated the more common brachiopod 
species of all ages, including the brief documentation of many new taxa. Although 
this monograph, virtually in the form of a fossil atlas, has formed a critically 
important source of information for the present work in terms of brachiopod 
taxonomy, but like other previous studies mentioned above, it also suffered from 
lacking a holistically faunalistic approach due to its concentration on new and better 
preserved taxa, and thus lacked biostratigraphical and biogeographical perspectives. 
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 Palaeogeographically and tectonically, southeastern Mongolia, along with its 
adjacent areas in Inner Mongolia in northeast China, is also central to understanding 
the complex late Palaeozoic geological history and palaeogeographical evolution of  
East Asia (Chen et al., 2009; Cope et al., 2005; Tang, 1990; Windley et al., 2007; Xu 
and Chen, 1997). In 1968, Bobrov and Kulikov (1968) suggested that a single marine 
basin or strait extended from Transbaikalia through northeastern, central and southern 
Mongolia to northeastern China. However, when summarising the Permian marine 
stratigraphy and biostratigraphy of Mongolia, Manankov et al. (2006) proposed two 
different or separate basins in Mongolia during the Permian. One of these basins was 
located in central and northeastern Mongolia, which mostly likely had continual 
marine connections with the Verkhoyansk Basin and the Kolyma-Omolon Basin to 
the north via Transbaikalia. Manankov's proposed second basin was developed along 
the southeastern border of Mongolia with China, where it extended further south and 
southeast into northeast China. The brachiopod faunas in central and northeastern 
Mongolia are very close to these of the Transbaikal region or areas further north 
(Manankov, 1999; 2002; 2004; 2012; Afanasjeva et al., 2003). On the other hand, the 
brachiopod faunas in southeastern Mongolia are unique in some respects when 
compared to contemporaneous faunas in central and northern Mongolia, among which 
the most important is the mixture of both warm-water Cathaysian and cool- to cold-
water Boreal elements (Tazawa, 1991; Shi et al., 1995; Manankov, 1999; Shi, 2006). 
This mixed nature of the Permian marine faunas in southeastern Mongolia and other 
similar mixed faunas in East Asia may serve as an important gateway for both 
correlating the different Permian marine sequences and reconstructing the 
palaeogeography of East Asia. It is thus with this background in mind that we have 
selected southeastern Mongolia as the main focus of this thesis and have carried out 
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the present research of brachiopods from two key sections in southeastern Mongolia 
(Figure 1.2). 
 In June to July, 2005, a joint field expedition to central and southeastern 
Mongolia was undertaken by an international research team, supported by the Chinese 
Academy of Science (Shuzhong Shen, Wenzhong Li), the Academy of Science of 
Mongolia (Ariunchimeg Yarinpil) and Deakin University (Guang Shi). Jointly we 
investigated the marine sequences from Carboniferous to Permian in Adaatsag in 
central Mongolia, Hovsugol in the Hovsugol-Berim-Obo Zone, and Hatanbulag, Sulin 
Heer and Jiremiyn uul areas in the Solonker Zone in southeastern Mongolia (Figure 
1.2). The main purpose of the fieldwork was to:  
 Investigate the strata and faunas in south and southeastern Mongolia;  
 Locate the Permian biogeographical boundary of different faunas in Mongolia;  
 Provide biostratigraphical constraints on the timing of tectonic collision 
involving several tectonic blocks in southeastern Mongolia as well as the 
closure of the Sino-Mongolian sea way in the Permian; and  
 Provide a better understanding of the tectonic and palaeogeographical 
evolutionary processes of the Sino-Mongolian seaway during the Permian. 
 
1.2  Aims of research 
Overall, the present research is designed to fill some of the knowledge gaps 
surrounding the Permian stratigraphy, biostratigraphy, biogeography and systematic 
palaeontology of southeastern Mongolia, with a view that the data and information 
derived from this study will also enhance our understanding of the regional 
biostratigraphical correlations, palaeogeographical configurations and palaeoclimate 
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conditions in East Asia (eastern Palaeo-Tethys in a geological sense) during the 
Permian. 
 
 
 
Specific aims of this research are: 
A. To systematically describe all collected Permian brachiopod material, from 
two measured stratigraphic sections in southeastern Mongolia: the Hovsugol 
and Dzhirem-Ula (Figure 1.2). 
B. To define and characterise any new brachiopod taxa from the collections. 
C. To discuss the biostratigraphical significance and ages of the brachiopod 
faunas from the two sections studied 
D. To compare/contrast (or correlate) the Permian marine faunas of the Hovsugol 
and Dzhirem-Ula areas with those relatively better studied marine Permian 
sections in adjacent regions of East Asia (Russian Far East, Japan and North 
China) 
E. To further document and characterise the biostratigraphic features of the 
southeastern Mongolian brachiopod faunas as a ―biostatigraphic gateway‖ for 
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assisting global correlations between high latitude cold-water faunas of both 
hemisphere (Boreal and Gondwanan realms) and the warm-water 
Palaeoequatorial faunas. 
F. To analyse the palaeobiogeographical context of the Mongolian Permian 
brachiopod faunas and their significance for regional palaeogeographical, 
palaeoclimatic and palaeoceanographical reconstructions. 
G. Finally, using the palaeobiogeoraphica data as a tectono-biogeographical tool 
to provide constraints on, and insights into, the geological evolution in 
southern Mongolia and timing of the closure of the Palaeo-Asian Ocean in 
East Asia during the Permian. 
 
1.3  Previous work (with a focus on Permian brachiopods of the study area) 
Because of the harsh climatic conditions of the Gobi desert and distant 
location from the large populated areas, the geology of the studied area was largely 
unattended until the middle 20th century. Though Berkey and Morris (1927) briefly 
mentioned the geology of Mongolia, and Grabau (1931) reported a massive Permian 
fauna of the Jisu Honguer Limestone (which is now the Zhesi section of Inner 
Mongolia, China) in volumes named Natural History of Central Asia, no other 
significant works concerning the palaeontology or Permian geology of Mongolia are 
available prior to the 1960s. 
Beginning from 1960s, several joint Soviet-Mongolian Scientific Research 
Geological Expeditions were carried out. One of the earlier tasks for the joint research 
teams was to establish a stratigraphical and biostratigraphical framework for the 
Permian system by searching and documenting well-exposed outcrop sections, and 
these resulted in numerous publications in the ensuing years (Durante, 1971; 1976; 
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Durante and Suetenko, 1973; Mossakovsky and Tomurtogoo, 1976; Zaitsev et al., 
1973; Zaitsev, 1974; Tatarinov et al., 1977; Nikolov et al., 1981; etc.). Notably among 
these early publications based on expeditions, are the series of reports on Permian 
palaeontology of Southern Mongolia published by members of the Joint Soviet-
Mongolian Palaeontological Expedition teams (after the fall of the Soviet Union, the 
name was changed to the Russian-Mongolian Paleontological and Geological 
Expeditions) (Tatarinov et al., 1977; Afanasjeva et al., 1983; Rozanov and Tatarinov, 
1988; Pavlova et al., 1991; Grunt et al., 1992). One of the reports was the work by 
Pavlova et al. (1991) entitled ―Permian invertebrates of Southern Mongolia‖. In this 
book, Pavlova et al. (1991) described what were thought to be taxonomically new 
and/or biostratigraphically important brachiopods, along with other fauna groups of 
Permian age across Southern Mongolia. Additionally, from 1990s to 2000, Manankov 
(1998a; 1998b; 1999; 2002; 2004; 2012) published a series of short papers, mostly 
taxonomic notes or biostratigraphical summaries (or extended abstracts), focused on 
the Permian brachiopod assemblages and their biostratigraphical utilities. Most 
recently, Manankov et al. (2006) presented an overview of the Permian marine 
stratigraphy and biostratigraphy of Mongolia, in which brachiopod-based assemblage 
zones were recognised and correlated to the international Permian 
chronostratigraphical scale. 
In addition to researches on the Permian palaeontology and stratigraphy of 
Mongolia, various other published geological reports have also been consulted in the 
present study as an important source of information on the general geology of 
Mongolia, especially aspects of regional geology and tectonic history of the study 
area in southeastern Mongolia. These include, but are not limited to: general geology 
(Berkey and Morris, 1927; Marinov et al., 1973; Badarch et al., 1998; Dejidmaa et al., 
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2001), regional geology (Zonenshain and Kuzmin, 1978; Zabotkin et al., 1983; 
Borzakovskii et al., 1985; Rauzer et al., 1987; Nemec et al., 1991; Cunningham et al., 
1996; Shaandar, 2003), regional stratigraphy of Mongolia (Markova, 1975; Krapov 
and Dambiynyan, 1980; Minjin et al., 2005), tectonic history and evolution 
(Selivanov, 1972; Yanshin, 1976; Tapponier and Molnar, 1979; Yarmolyuk, 1980; 
Schermer, 1983; Yarmolyuk, 1986; Pruner, 1987; Khudtorskoy and Yarmoluk, 1989; 
Ufimtsev, 1990; Zorin, 1990; Traynor and Sladen, 1995; Lamb et al., 1999; Zorin, 
1999; Dergunov, 2001; Wang et al., 2001; Badarch et al., 2002; Hendrix et al., 1996; 
2001; Hendrix and Davis, 2001; Dejidmaa and Badarch, 2005; Johnson et al., 2007; 
Heumann et al., 2012). 
 
1.4  Chronostratigraphical timescale and citation 
The geological timescale used in this thesis generally follows that of the 
International Commission on Stratigraphy (Gradstein et al., 2007). For the Permian 
Period, the timescale by the International Subcommission on Permian Stratigraphy 
(Jin et al., 1997, adopted in Gradstein et al., 2007 and Wardlaw et al., 2004) is 
followed in this thesis. 
Citations and referencing style in this thesis follow the Harvard referencing 
system. In the text of this thesis, for those taxonomic names published by more than 
three authors, the family name of the first author (as given in the original publication) 
is cited alone, followed by the term ―et al.‖, which simply means ―and others‖. This 
citation is accepted by the International Code of Zoological Nomenclature (Ride et al., 
1999) on condition that the names of all the authors are cited in the bibliography. 
Throughout this thesis, a comma is placed after author name(s) if it constitutes as part 
of a taxonomic name, for example, Marginifera ovalis Waagen, 1884. This is 
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according to the convention of zoological taxonomy. All cited author names in 
relation to taxonomic names are listed in the Reference part. 
General spelling of English words follows the Macquare Dictionary (the latest 
version was published in October, 2009 as its fifth edition), which is a dictionary of 
Australian and New Zealand English. The Macquare Dictionary records standard 
Australian English spelling, which is closer to British and Canadian English than 
American English, such as Palaeo- vs Paleo-; colour vs color; centre vs center; 
defence vs defense; practice vs practise (noun/verb) and characterise vs characterize 
etc. 
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CHAPTER 2 GEOLOGICAL SETTINGS 
 
2.1 Regional tectonic setting 
Mongolia has a long geological history, spanning from the Archean-
Proterozoic to the Quaternary (Badarch et al., 1998). Tectonically, Mongolia has 
principally been regarded as a part of the Central Asian orogenic belt which extends 
from the Urals to the Pacific coast (Badarch, 2005). According to Badarch (2005), 
Mongolia has complicated terranes, cratonic blocks, island arcs, accretionary 
complexes and ophiolite belts. In general terms, Palaeozoic to early Mesozoic rocks 
form east-west trending belts in Mongolia; they represent the Palaeo-Tethyan fold 
belts (i.e., a legacy of the so-called Palaeo-Asian Ocean). By contrast, rock bodies of 
late Mesozoic to Cenozoic age are distributed very differently to their Palaeozoic to 
early Mesozoic counterparts in that they are oriented in north-south or NE-SW 
directions; these are the fold belts of the Palaeo-Pacific Ocean orogens (Ren et al., 
1999). 
The studied area of this thesis is located in a large tectonic collage, which is 
comprised of several large tectonic blocks, sutures (ophiolitic rock belts), 
microcontinents (or terranes), fold belts and accretionary complexes (Figure 2.1). In 
order to provide a tectonic background for this thesis, a brief summary of the tectonic 
framework of Mongolia is given below to help readers to better understand the 
Permian marine palaeogeography and depositional environments in southeastern 
Mongolia, with particular reference to the study area. The terminology of tectonic 
units used here follows Shi (2006), comprising platforms, fold belts and terranes. 
 
 
12  
 
 
2.2 Broad description of the tectonic framework of Mongolia 
As can be seen from Figure 2.1, the major platforms are the Siberian Platform 
to the north and the Sino-Korea Platform in the south, which are the two largest and 
oldest tectonic blocks in East and Northeast Asia. Between two of these big platforms, 
there are several major orogenic belts, and a number of terranes which had been 
deeply involved in the tectonic processes of the adjoining orogenic belts (Shi, 2006). 
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Geographically, Mongolia contains major orogenic belts and terranes which sit 
between the Siberian and the Sino-Korea platforms. In Mongolia, between and within 
orogenic belts are a number of relatively small (comparative to Siberian and Sino-
Korean platforms), but internally coherent (in a structural and stratigraphic sense) 
tectonic blocks, which have been deeply involved and hence severely modified in the 
evolution of the Palaeo-Asian and Palaeo-Pacific oceans. These relatively smaller 
tectonic blocks are treated as terranes and they are originally defined as fault-bounded 
tectonic units or fragments that differ significantly or distinctively in geological 
record from that of adjacent terranes (Coney et al., 1980; Jones et al., 1983; Howell et 
al., 1985; Nokleberg et al., 1994). Badarch et al. (2002) classified and described 44 
small terranes in Mongolia (Figure 2.2), these terranes are further classified into 
cratonal, metamorphic, passive margin, island arc, forearc/backarc, accretionary 
complex and ophiolitic types (Figure 2.2). 
The study area of this thesis forms part of the Solonker suture zone, which 
involves terranes of Enshoo, Hutag Uul, Sulinheer and Duulgant (Figure 2.2). 
According to Badarch et al. (2002), tectonic settings of these terranes are different, 
there are four types proposed for them: island arc (Enshoo terrane), craton (Hutag Uul 
terrane, also called south Mongolian microcontient by Chen et al., 2009), accretionary 
wedge (Sulinheer terrane) and backarc/forearc basin (Duulgant terrane). The Solonker 
suture zone represents the location of collision between the North China craton and 
the south Mongolian microcontinent (Sengor and Natal‘in, 1996; Tang, 1990), which 
led to the closure of the Palaeo-Asian Ocean. The final collision between these two 
cratons is considered to have occurred between 296 and 234 Ma (Chen et al., 2009). 
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2.3 Brief geological (stratigraphical) history of Mongolia 
According to Badarch et al. (1998), the geological (stratigraphical) history of 
Mongolia may be divided into five stages (Figure 2.3): Pre-Vendian, Vendian to 
lower Palaeozoic, upper Palaeozoic, Mesozoic and Cenozoic. Each of these is briefly 
summarised below. 
 
2.3.1 Pre-Vendian stage 
The Pre-Vendian stage ranges in age from late Archean to Proterozoic. They 
are all characterised by crystalline basement of metamorphic complexes, metamorphic 
deposits, polymetamorphic complexes and ophiolite to metaophiolite association. 
These cratonal and metamorphic blocks are mainly exposed around the areas of 
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Changai (northwest part of Mongolia), Ost-Gobi (southeastern Mongolia) and Dornod 
(northeast Mongolia) (Figure 2.4). 
 
 
 
2.3.2 Vendian to Early Palaeozoic stage 
This stage began with ophiolites to conglomerates, dolomites and limestones  
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of mainly Vendian age, conformably overlain by Cambrian limestones containing 
trilobite fossils. Ordovician and Silurian deposits are variably distributed across the 
different parts of Mongolia, but mostly occur in the areas of Mongol-Altai, Gobi and 
Ost-Gobi (Figure 2.4). Lithologically, Ordovician and Silurian deposits are dominated 
by limestones, sandstones, siltstones and intermediate volcanic rocks, with fossils of 
trilobites, graptolites, corals, bryozoans, brachiopods and crinoids etc. The 
reconstructed palaeogeographic map of Mongolia is provided to show the distribution 
of oceans and terranes (Figure 2.5). Basically, the tectonic framework and evolution 
of this stage is characterised by accretion and amalgamation of island arcs and 
cratonal blocks separated by intervening Palaeo-Asian oceanic basins. 
 
2.3.3 Late Palaeozoic stage 
The age range of the late Palaeozoic stage is from the Devonian until the end 
of Permian. The deposits of this stage are widespread throughout Mongolia and they 
have been  well studied compared to rocks of earlier age. Basically, the Devonian 
deposits are mainly limestones, sandstones and small amount of volcanic rocks with 
abundant fossils of brachiopods, crinoids, bryozoans, trilobites, tabulate corals, 
radiolarians, conodonts and plants etc, and the depositional environment is mainly 
considered to be backarc basins (Badarch, 2005). 
The Carboniferous deposits are represented by terrigenous series of shelf 
facies with limestones, sandstones, siltstones, argillites and volcanic rocks, abundant 
faunas (brachiopods, bryozoans, conodonts, corals, ammonoids), plus plant remains 
reported. The Permian deposits are spread in almost all areas and further divided into 
different zones (see Section 2.4 below on the detailed introduction and discussion of 
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Permian deposits in East and NE Asia. Chapter 3 offers detailed description of  
Permian stratigraphy of the study area). A reconstructed palaeogeographic map of 
Mongolia is provided for periods of Devonian-Carboniferous to show the distribution 
of oceans and terranes (Figure 2.6). Many small terranes of central Mongolia became 
amalgamated to a single composite big terrane (Central Mongolia-Ergun Terrane in 
Figure 2.1) during the middle Palaeozoic (Badarch et al., 2002). From Early 
Carboniferous, the western end of this big terrane was accreted to southern Siberia 
and the Mongol-Okhotsk Ocean opened up as a result of this (Zorin, 1999) (Figure 
2.6). The Mongol-Okhotsk Ocean was closed progressively from west to east with 
time from the Permian to the mid-Jurassic (Badarch, 2005). 
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2.3.4 Mesozoic stage 
The deposits of Mesozoic, including Triassic, Jurassic and Cretaceous systems, 
in Mongolia are mainly concentrated in a number of epicontinental basins, 
depressions and valleys, located in the Gobi part (such as depressions of large lakes, 
and valley of lakes) and in the East Mongolian plain (Figure 2.4). The Triassic has 
both marine (the Mongol-Okhotsk ocean was closed progressively eastwards in 
Triassic times) and continental deposits with sandstone, siltstone and claystone, and 
fossils of ammonoids, bivalves and plant remains. The Jurassic deposits are mainly 
sandstone, siltstone, argillite with oil shale and coal seams, all of continental origin. 
The Cretaceous is composed mainly of continental sandstone, siltstone, claystone, 
shale, argillite and volcanic related deposits with fossils of plant remains and 
vertebrates. 
 
2.3.5 Cenozoic stage 
The Cenozoic deposits are also widespread across the territory of Mongolia, 
such as in the depression of large lakes, valleys and rivers (Figure 2.4). This stage 
includes Paleogene and Neogene, both characterised by rich mammalian fossils. The 
Paleogene deposits are represented by argillite, sandstone, siltstone and volcanic rocks. 
The deposits of Neogene are mainly sandstone, siltstone, gravelstone and basalt with 
unconsolidated Quaternary sediments recorded on top. 
 
2.4 Permian rocks and palaeogeography in East and Northeast Asia 
As highlighted by Shi (2006), the Permian marks an important period in the 
geological evolution of East and Northeast Asia, while Permian sedimentary, volcano- 
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sedimentary and intrusive rocks are widely distributed in East and Northeast Asia 
(Figure 2.7). Thus, the Permian System is well represented by different depositional 
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settings and tectonic environments in East and Northeast Asia. This general overview 
of Permian rocks across the entire region of East and Northeast Asia is very useful to 
provide background information for the current study. 
In general, by the Permian time, a major continent was formed by mingling 
together the Siberian palaeoplate with those of European, Kazakhstan, Tarim and 
Karakum blocks (Figure 2.8). The main part of Mongolia was surrounded 
 
 
 
by the Palaeo-Asian Ocean in the south and Palaeo-Pacific Ocean in the north (Figure 
2.8). The study area was located around the northern margin of the Palaeo-Asian 
Ocean (Figure 2.8). At this stage, the Palaeo-Tethys was shrinking northwards and 
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being subducted under the Karakorum-Tarim and the Sino-Korean palaeoplates, while 
the Palaeo-Asian Ocean was being subducted under both its northern and southern 
margins, i.e., the southern margin of the Siberian palaeoplate and to the northern 
margin of the Sino-Korean palaeoplate, respectively (Figure 2.8). As a result of this 
double subduction regime, the Palaeo-Asian Ocean had become a very narrow marine 
basin at the Early Permian, in which mixed faunas of Tethyan and Arctic (Boreal) 
emerged. Then, by the Middle Permian time, the mixed faunas became widely 
distributed among the remnant marine basin. The Palaeo-Asian Ocean was closed 
gradually from west to east by the end of the Middle Permian (Guadalupian) (Li, 2006; 
Shi, 2006). 
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CHAPTER 3: LITHOSTRATIGRAPHY 
 
3.1  Clarification of the term 'Horizon' 
Because of the widely used Russian term ―horizon‖ in literatures and 
references (e.g., it has been used in numerous previous studies concerning the 
Palaeozoic stratigraphy of Mongolia - see Chapter 1 of this thesis), it is necessary to 
briefly introduce and define this term for this thesis. The term ―horizon‖ in Russian 
geological literature is generally referred to as a stratigraphical unit (Shi et al., 2006; 
Shi, 2006) and has been widely used in both Russian and Mongolian stratigraphical 
reports, such as those concerning the upper Palaeozoic stratigraphy of Mongolia 
(Manankov, 1998a; 1998b; 1999; 2004; 2012; Manankov et al., 2006; Afanasjeva et 
al., 2003; Durante et al., 1996). However, many researchers outside Russia have often 
or still been confused about this term as it has not been accepted as a formal 
stratigraphic unit in the content of international stratigraphic code (e.g. Salvador, 
1994). According to Manankov et al. (2006), the term ―horizon‖ is referred to a body 
of sedimentary strata definable principally (but not exclusively) by palaeontological 
characteristics and clearly traceable within a geographical region, such as a palaeo-
basin, or a palaeobiogeograhical province (Zhamoida et al., 1979). Thus, a ―horizon‖ 
may be compared with a ―stage‖, ―biozone‖ or a fossil assemblage in the international 
stratigraphical code (Manankov et al., 2006; Shi et al., 2006). 
In this thesis, although the term 'horizon' is mentioned or referred to when 
quoting previous references where this term was used as clarified above, it is not used 
here as a formal international stratigraphic unit. In its place, I have chosen to use 
―stage‖, ―biozone‖ or fossil assemblage. 
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3.2  Subdivision of Permian marine deposits in Mongolia 
According to the lithology and sedimentary features, marine Permian rocks in 
Mongolia can be subdivided into two different belts (Manankov et al., 2006): central 
and northeastern belt, and southeastern belt. Both belts are distributed in two parallel 
NE-SW trending belts and separated by the South Mongolian microcontinent or 
terrane with continental deposits (Manankov et al., 2006) (Figure 3.1). 
 
 
 
3.2.1  Central and northeastern belt 
The belt is located in central and northeastern Mongolia  and exposed along a 
900 km long NW-SW trending sublatitudinal belt (Manankov et al., 2006) (Figure 
3.1). The Permian rocks in this belt have been divided into three stratigraphic 
horizons, the Adatzag, Tsagantemet and Binder horizons in ascending order (Figure 
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3.2). The Adatzag Horizon is located in the northern part of central Mongolia with the 
type section (GPS 46020'14.6″N, 105043'53″E with altitude about 1400 m) (Figure 3.1; 
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Figure 3.3 A) about 6 km south of the town Adatzag (which is called in Mongolian as 
―Somon Adatzag‖, meaning the village of Adatzag). The horizon is represented by the 
Delgerkhanskaya Formation (Manankov, 2002) with the thickness more than 1000 m. 
Lithologically, the horizon has mainly fine to medium grained terrigenous 
sedimentary rocks (mudstone, siltstone and sandstone (Figure 3.3 C, D)), also 
intercalated with coarse sandstone and conglomerate (Figure 3.2; Figure 3.3 F). The 
basal part contains volcanic and volcaniclastic rocks (Figure 3.3 B). Fossils including 
plants and marine invertebrates (Figure 3.3 E) have been reported from this horizon 
(Manankov, 2002; 2004; Afanasjeva et al., 2003). The characteristic brachiopods of 
the Adatzag Horizon are dominated by Jakutoproductus adatsagensis Manankov, J. 
ganelini Manankov (Figure 3.4), Lanipustula baikalensis Maslennikov, Anidanthus 
halinae Kotjar, Costatumulus sidorkini Manankov, with rare species of 
Mongolochonetes sp. and Neospirifer kedonensis Einor (Manankov, 2002; 2004). 
According to Manankov et al. (2006), the age of the Adatzag Horizon is Sakmarian to 
early Artinskian, based on a comparison (correlation) of the brachiopods with those of 
the Verkhoyansk fold belt (Kutygin, 2006) and the Transbaikalia (Kotljar et al., 2002). 
The overlying Tsagantemet Horizon is best represented by the lower to middle 
parts of the Uldzinskoy Formation (Figure 3.2). This formation is distributed in a NE-
SW sublatitudinal belt extending across much of central and northeastern Mongolia 
(Figure 3.1), and has been further divided into two members (Manankov, 2002). The 
lower member is represented by the Tavan-Tolgoy section (Figure 3.2) located at 5 
km west of the Tavan-Tolgoy Mountain (GPS 48039'10″N, 112041'20″E) (Manankov 
et al., 2006). Lithologically, the Tavan-Tolgoy section is mainly characterised by 
sandstone and siltstone intercalated with limestone and conglomerate (Figure 3.2). 
Throughout the section, marine fossils are very abundant, such as brachiopods, 
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bivalves, bryozoans and plant fragments (Manankov, 2002). The age of the 
Tsagantemet Horizon is considered to be Roadian to Wordian (Manankov, 2002; 
Manankov et al., 2006). 
 
 
 
The Binder Horizon is represented by the upper member of the Uldzinskoy 
Formation (Figure 3.2), which is the youngest Permian marine succession in northern 
Mongolia and is confined to a small corner of northeast Mongolia (Figure 3.1) 
(Manankov et al., 2006). The type section for the Binder Horizon is the Ikh-Uldzi 
Section located in the Ikh-Uldzi Mountain area close to Binder (in Mongolian called 
―Somon Binder‖) (GPS 48035'N, 110033'E) (Manankov et al., 2006). Lithologically, 
the Ikh-Uldzi Section is marked by a 214 m succession of sandstone, calcareous 
siltstone and some intercalations of limestone (Manankov et al., 2006). Marine 
invertebrate fossils are mainly brachiopods in limestone and calcareous siltstone and 
sandstone beds (Manankov in Afanasjeva et al., 2003; Manankov, 2004). The age of 
this horizon is considered to be Capitanian on account of its brachiopod faunas 
(Manankov et al., 2006). 
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3.2.2  Southeastern belt 
Similar to the central and northeastern belt, the southeastern belt of the 
Permian marine deposits are also distributed roughly in a NE-SW trending belt, which 
 
 
 
is about 800 km long and up to 150 km wide along the border with China in the 
southeastern region of Mongolia (Figure 3.1; Figure 3.5). Suetenko (in Pavlova et al., 
1991) divided the Permian strata of this belt into four structure zones, namely the 
Solonker structure zone, Dalan-Ula-Lugin-Gol structure zone, Totoshan structure 
zone and the Hovsugol-Beirim-Obo structure zone, from south to north (Figure 3.5). 
Despite the complex tectonic settings of these structure zones, the Permian deposits of 
this belt have been divided into a succession of five horizons: the Agui-Ula, Totoshan, 
Hovsugol, Tasgan-Ula and Solonker from bottom to top (Figure 3.6) (Manankov, 
1998b; 1999; 2012; Manankov et al., 2006). 
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The Agui-Ula Horizon is the lowest part of the Permian marine deposits in 
southeastern belt. In the Dalan-Ula-Lugin-Gol structure zone, this horizon is mainly 
composed of sandstone, siltstone and limestone of the lower Angui-Ula Formation 
(Figure 3.6), and in the Hovsugol-Beirim-Obo structure zone, it is characterised by 
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volcanic rocks, sandstone and limestone at the lower Bairismobo Formation (Figure 
3.6). Fossils of this horizon are mainly foraminifers, with rare brachiopods, bryozoans 
and corals. The age of this horizon is considered to be Asselian on the basis of 
foraminiferal zones correlated with those of the south Urals (Pavlova et al., 1991; 
Manankov, 1998b; Manankov et al., 2006). 
Among the five horizons, the Totoshan Horizon is most widely distributed. It 
is reported from the Hovsugol-Beirim-Obo, Totoshan and Solonker structure zones, 
and best represented by the middle and upper parts of the Bairismobo Formation, the 
lower part of the Toluinula Formation and the upper part of the Borinsulkhuduk 
Formation, respectively (Figure 3.6) (Manankov et al., 2006). Moreover, in the Dalan-
Ula-Lugin-Gol structure zone, this horizon is represented by the upper Angui-Ula 
Formation (Figure 3.6). Lithologically, the Totoshan Horizon has mainly volcanic 
rocks and sandstones with locally fossiliferous limestones and conglomerates (Figure 
3.6). The age of this horizon is considered to be Sakmarian to Artinskian based on the 
foraminifer Monodiexodina linearis Zone (Pavlova et al., 1991; Manankov et al., 
2006). 
The Hovsugol Horizon is recognised from the Kharanudunsk Formation 
(Figure 3.6) of the Hovsugol section in the Hovsugol-Beirim-Obo structure zone 
(GPS 43037'13.6″N, 109049'35.3″E, locality 11 in Figure 3.5). This horizon also 
occurs on the western flank of the Dalan-Ula-Lugin-Gol structure zone, where it is 
represented by the Bulganula Formation (Manankov, 1999). Lithologically, this 
horizon is characterised mainly by calcareous sandstone and siltstone with thin 
bedded calcareous mudstone and conglomerate. Fossils are dominated by brachiopods 
with other fossil groups such as bryozoans, bivalves, gastropods and ammonoids 
(Manankov et al., 2006). The age of this horizon is considered to be late Artinskian to 
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Kungurian in view of correlating the brachiopod and ammonoid faunas with those of 
the Verkhoyansk fold belt and the Kolyma-Omolon block in northeast Russia 
(Manankov et al., 2006). 
The Tasgan-Ula Horizon is represented by the Lugin-Gol Formation, which is 
conformably underlain by the Bulganula Formation in the Dalan-Ula-Lugin-Gol 
structure zone, and by the Tavankhara Formation in the Solonker structure zone 
(Figure 3.6). According to Manankov (1999), the Lugin-Gol Formation is defined as 
the reference section for the marine Permian (Guadalupian) of southeastern Mongolia. 
The typical section of the Lugin-Gol Formation is the Dzhirem-Ula Section (GPS 
42040'13.4″N, 108042'15.3″E, locality 6 in Figure 3.5) (Figure 3.6). The deposits of 
this horizon are sandstone, conglomerate, calcareous siltstone and limestone, with 
increasing carbonate rocks toward the upper part of the section. Brachiopods are the 
main fossils in this horizon, with several brachiopod zones established (Manankov, 
1999; Manankov et al., 2006) (Figure 3.6). The age of the Tasgan-Ula Horizon has 
been assigned to Roadian to early Wordian on account of correlative brachiopod 
zones with those of Transbaikalia, the Verkhoyansk fold belt, the Kolyma-Omolon 
Basin and other Permian horizons of East Asia (Manankov, 1999; Manankov et al., 
2006). 
Finally, the highest Permian marine unit in southeastern Mongolia is the 
Solonker Horizon. This horizon has been reported from the top part of the Lugui-Gol 
Formation in the Dalan-Ula-Lugin-Gol structure zone (Figure 3.6) with the Dzhirem-
Ula section as its typical locality (Manankov, 1999). The sedimentary features of the 
current horizon are mainly characterised by alternating layers of limestone, calcareous 
mudstone, siltstone and sandstone. Fossils are dominated by warm-water brachiopods 
(Manankov, 1999; Afanasjeva et al., 2003). The age of the Solonker Horizon is 
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considered to be Capitanian in regards to the brachiopods correlated with those of 
South Primorye (Kotljar et al., 2003) and Inner Mongolia, China (Manankov et al., 
2006; Shen et al., 2006; Shi, 2006). 
 
3.3  Fossil localities and studied sections 
 
3.3.1  Fossil localities 
The specimens described in this thesis were collected from the Hovsugol and 
the Dzhirem-Ula sections of southeastern Mongolia (Figure 3.7; Figure 3.8; Figure 
3.9). The Hovsugol section is located on 14 km east of a small village called 
Hovsugol (in local Mongolian language called ―somon Hovsugol‖, which means 'a 
small village of Hovsugol'), southeastern Mongolia (Figure 3.7; Figure 3.8) with GPS 
43037'13.6″N and 109049'35.3″E. The section is conveniently connected to an 
unsealed countryside road not far from the village of Hovsugol (Figure 3.8), and the 
road is considerably straight and flat. Thus, it is relatively convenient to access the 
field locality in the Gobi desert area of southeastern Mongolia. This fossil locality 
studied represents the Hovsugol Horizon (Hovsugol-Beirim-Obo structure zone) in 
the southeastern belt of Permian marine deposits in Mongolia as summarised above 
(Figure 3.5). 
The Dzhirem-Ula section is located 1.5 km northwest of the Dzhirem-Ula 
Mountain (Figure 3.5, locality 6) with GPS 42040'13.4″N and 108042'15.3″E, and 
altitude about 1140m above the sea level. This is the same section that Manankov 
(1999) recommended as the reference section for the marine Middle Permian of 
southeast Mongolia. The section is exposed on both (northwest and southeast) sides of 
a valley, which covered most of the outcrops. Though Manankov (1999) discussed the 
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normal position of beds in the Dzhirem-Ula section and connected the outcrops into 
one continuous section by integrating the covered parts across the valley as bed 3 
(Figure 3.6, the Dzhirem-Ula Section), but in our field investigation we found that it 
is in fact difficult to trace the section across the valley. As a result, for this thesis we 
tentatively separate the section into two parts, one part (Section A) exposed on the 
northwest side of the valley, and the other part (Section B) exposed on the valley's 
southeast side (Figure 3.11 C). Both of these sections (A and B in Figure 3.11 C) 
belong to the Lugin-Gol Formation (Manankov, 1999) and have been assigned to the 
Tsagan-Ula and Solonker horizons (Dalan-Ula-Lugin-Gol structure zone) in the 
southeastern belt of Permian marine deposits in Mongolia (Figure 3.5). 
Actually, while we carried out the field work, we camped beside the section 
(Figure 3.10 F) and worked throughout the day from sun rise to sun set. The field trip 
was well organised and the investigation was very productive. 
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3.3.2  Description of the studied sections 
The Hovsugol section is exposed continuously on both sides (hillsides) of a 
small hill in the Gobi desert area of southeastern Mongolia (Figure 3.7; Figure 3.8; 
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Figure 3.10), and contains abundant marine fossils, mostly brachiopods, occasionally 
associated with bivalves, bryozoans, gastropods and ammonoids. This section, 
comprising twenty lithological beds (Figure 3.10 A-E), belonging to Kharanudunsk 
Formation, is overall characterised by yellow-green dense and weathering-resistant 
sandstone, siltstone interbedded with bioclastic limestone (Figure 3.11A). The total 
thickness of the measured section is 108 m. 
Section A of the Dzhirem-Ula section is composed of eight lithological beds 
with 119 m in thickness and is characterised mainly by coarse sandstone, schist, 
siltstone and bioclastic limestone. Marine fossils are rich in the limestone beds, 
especially the brachiopods, locally associated with bryozoans and other invertebrates. 
Section B of the Dzhirem-Ula section is 183 m thick with ten lithological beds of 
calcareous mudstone, calcareous siltstone, limestone and conglomerate. Fossils of 
section B are mostly brachiopods, bryozoans and corals, mostly found in limestone 
and mudstone beds. 
The detailed lithological description of the Hovsugol and the Dzhirem-Ula 
sections are shown in Table 3.1, Table 3.2 and Table 3.3. 
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Table 3.1  Description of the Hovsugol section (from upper to lower) 
Bed 
Number   
Lithology 
  
Thickness 
(m) 
Top 
 
Covered by deposits of Quaternary 
 
 
20 
 
Yellow siltstone and mudstone 
 
1.13 
19 
 
Single bed of sandy limestone, locally bioclastic limestone 
 
0.3 
18 
 
Yellow-green siltstone and mudstone 
 
2.56 
17 
 
Single bed of sandy limestone; containing fossils of 
brachiopods 
 
0.1 
16 
 
Heavily weathered yellow siltstone and mudstone 
 
6.14 
15 
 
Yellow, medium to thick bedded, sandy limestone; containing 
abundant bioclastics 
 
0.3 
14 
 
Heavily weathered yellow, thin bedded calcareous siltstone, 
middle part containing lens of sandy limestone; brachiopods 
very abundant 
 
22.33 
13 
 
Yellow-green calcareous siltstone or siliceous siltstone, very 
weathering-resistant siltstone 
 
1.65 
12 
 
Yellow-green calcareous sandstone 
 
2.1 
11 
 
Calcareous coarse sandstone, looks like limestone; containing 
abundant bioclastics 
 
0.2 
10 
 
Yellow-green fine sandstone, relatively less weathering-
resistant 
 
1.3 
9 
 
Siliceous siltstone; containing abundant brachiopods, such as 
Premoria and Paramarginifera, more rich in brachiopods at the 
upper part of the bed 
 
1.1 
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8 
 
Yellow-green, thin bedded fine sandstone to siltstone 
 
2.9 
7 
 
Yellow-green, thin bedded, calcareous siltstone; containing 
brachiopods 
 
4.65 
6 
 
Grey thick calcareous sandstone, somewhat containing fine 
conglomerate, small amount of limestone lenses extending 
irregularly in lateral direction; containing abundant bioclastics 
 
0.9 
5 
 
Yellow-green calcareous fine siltstone, mostly thin bedded; 
containing very rich brachiopods: Camerisma, Spiriferella and 
Paramarginifera etc. 
 
17.93 
4 
 
Yellow-green calcareous sandstone, thick bedded; bottom part 
containing bivalves and top part with very abundant 
brachiopods, not much fossils at middle part 
 
8.74 
3 
 
Heavily weathered yellow coarse sandstone, the fresh rocks 
slightly reddish, thin bedded; middle part containing abundant 
bivalves 
 
10.2 
2 
 
Yellow-green, weathering-resistant coarse sandstone, outcrops 
slightly dark 
 
13.64 
1 
 
Yellow-green sandstone, very dense and hard; no fossils 
observed 
 
10.9 
Base  Covered by deposits of Quaternary    
 
 
Table 3.2  Description of the Dzhirem-Ula Section A (from upper to lower) 
Bed 
Number   
Lithology 
  
Thickness 
(m) 
41  
Top 
 
Covered 
 
 
8 
 
Brown-yellow bioclastic limestone; abundant brachiopods, such 
as Kochiproductus, Yakovlevia, Echinauris, Kaninospirifer and 
Neospirifer 
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7 
 
Brown-yellow coarse sandstone and dark grey limestone 
 
30 
6 
 
Bioclastic limestone 
 
2 
5 
 
Dark grey bioclastic limestone, thin to moderate bedded; 
containing fossils of brachiopods and bryozoans 
 
6 
4 
 
Yellow-green tuffaceous siltstone 
 
8 
3 
 
Brown-yellow, thick bedded, coarse sandstone 
 
15 
2 
 
Papery schist 
 
20 
1 
 
Coarse, siliceous sandstone 
 
2 
Base  Covered by deposits of Quaternary    
 
 
Table 3.3  Description of the Dzhirem-Ula Section B (from upper to lower) 
Bed 
Number   
Lithology 
  
Thickness 
(m) 
Top 
 
Not measured 
 
 
10 
 
Purple sandstone 
 
1.4 
9 
 
Coarse, clastic, sandy limestone; containing abundant corals 
and brachiopods 
 
4 
8 
 
Purple conglomerate and coarse sandstone 
 
60 
7 
 
Purple tuffaceous sandstone, moderate to thick bedded, the 
fresh section of the rock may be yellow-green sandstone 
 
80 
42  
6 
 
Dark to black, calcareous sandy mudstone; containing abundant 
brachiopod fossils of Yakovlevia, Anidanthus, Paramarginifera 
and Leptodus 
 
5 
5 
 
Dark grey sandy limestone; containing very rich brachiopods 
 
0.3 
4 
 
Dark grey to light grey calcareous siltstone 
 
2 
3 
 
Yellow sandy limestone, moderate to thick bedded; containing 
abundant bioclastics and some brachiopods 
 
0.3 
2 
 
Dark grey to light grey, weathered, calcareous siltstone, thin 
bedded; containing fossils of bryozoans and brachiopods 
 
10 
1 
 
Dark to black sandy mudstone, containing muddy lens; no 
fossils observed 
 
20 
Base  Not measured    
 
 
3.4  Description of the Karaerdene-Ula section 
In addition to the above studied two sections, we also investigated a third 
section of Permian marine successions in southeastern Mongolia during the field trip. 
It is the Karaerdene-Ula section in Solonker structure zone (Figure 3.7). 
The Karaerdene-Ula section is located about 3 km north of the Sino-Mongolia 
border in southeastern Mongolia (Figure 3.5, locality 9; Figure 3.7; Figure 3.9) with 
GPS 42028'16.0″N and 109025'45.9″E. This section is composed of seventeen 
lithological beds with 329 m in total thickness for the total measured section. 
Lithologically, the Karaerdene-Ula section is mainly characterised by light green, 
greyish green to yellow green sandstone, tuffaceous sandstone, siltstone, limestone 
and siliceous rocks with conglomerate (Figure 3.11 B). According to Manankov 
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(1999), the Karaerdene-Ula section (outcrop) is assigned to the Tavankhara Formation 
of the Solonker structure zone. During our field investigation, we measured the 
Karaerdene-Ula section but did not collect many brachiopod fossils due to limited 
time available in the field. However, Manankov (1999) mentioned that this section 
contains a brachiopod assemblage consisting of: Orthotetina cf. rubber, 
Compressoproductus cf. corniformis, Enteletes sp. and Prorichthofenia cf. ussurica. 
The detailed lithological description of the Karaerdene-Ula section is shown 
on Table 3.4. 
 
Table 3.4  Description of the Karaerdene-Ula section (from upper to lower) 
Bed 
Number   
Lithology 
  
Thickness 
(m) 
Top 
 
Not measured 
 
 
17 
 
Light green, thin bedded tuff and tuffaceous sandstone 
 
50 
16 
 
Dark grey coarse sandstone 
 
30 
15 
 
Brown-yellow calcareous coarse sandstone 
 
3 
14 
 
Light green, thin bedded tuff and tuffaceous sandstone 
 
30 
13 
 
Dark brown siliceous sandstone and siltstone 
 
30 
12 
 
Light green tuff or siliceous siltstone 
 
6 
11 
 
Light green tuffaceous siltstone 
 
20 
10 
 
Grey-green calcareous fine sandstone, bottom with 0.2 m of 
bioclastic limestone; containing the brachiopod fossils 
 
10 
9 
 
Grey-green, thick bedded, tuffaceous coarse sandstone 
interbedded with tuffaceous siltstone 
 
20 
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8 
 
Grey-green conglomerate and coarse sandstone 
 
30 
7 
 
Grey-green coarse sandstone 
 
20 
6 
 
Grey-green conglomerate and coarse sandstone 
 
10 
5 
 
Grey-green, thick bedded, coarse sandstone 
 
4 
4 
 
Yellow-green sandstone 
 
15 
3 
 
Grey-green, thick bedded, coarse sandstone 
 
8 
2 
 
Yellow-green, thick bedded, coarse sandstone interbedded with 
purple fine sandstone 
 
35 
1 
 
Yellow-green, papery siltstone 
 
8 
Base  Covered by deposits of Quaternary    
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CHAPTER 4: BIOSTRATIGRAPHY 
 
For this chapter, biostratigraphy of the brachiopod fauna will be discussed in 
details. Most of the brachiopod species are discussed to constrain the age based on a 
detailed systematic palaeontology study (Chapter 7 and 8). Moreover, worldwide 
correlations, especially in the adjacent regions of East Asia (Russian Far East, Japan 
and North China), of the brachiopod faunas are also attempted as appropriate. 
Brachiopods are among the most abundant faunas in the southeastern 
Mongolia area. Since Pavlova et al. (1991) first described the Permian brachiopod 
fauna from southeastern Mongolia, a few more species have since been reported by 
Manankov (1998a) and Afanasjeva et al. (2003). Until the present study, none of the 
previous studies have specifically focused on the whole brachiopod fauna of any 
sections. Therefore, in this thesis, the brachiopod fauna from the southeastern 
Mongolia will be discussed in details based on thousands of specimens (Table 4.1; 
Table 4.2) collected by our field investigation in 2005. 
 
4.1  Brachiopod fauna and its age at the Hovsugol Section in southeastern 
Mongolia 
4.1.1  Brachiopod fauna from the Hovsugol Section 
A total of fifty eight brachiopod species (including eight new species) 
belonging to twenty-eight genera are recognised (Table 4.1), all but nine have been 
identified to species level. All the specimens were collected from the Kharanudunsk 
Formation (Hovsugol horizon) of the Hovsugol section in southeastern Mongolia. 
Brachiopods from the Kharanudunsk Formation (Hovsugol horizon) of the 
Hovsugol section described in this thesis include (Figure 4.1): Dyoros (Dyoros) 
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semicircularis, D. (D.) extensiformis, D.(D.) magniconvexus nov. sp., D. (D.) grandis, 
D. (D.) borealis, D. (D.) cf. pseudotrapezoidalis, Dyoros (Lissosia) planiminisculus 
nov. sp., Uraloproductus stuckenbergianus, U. bilobatus, Paramarginifera nativa, P. 
pentagona nov. sp., P. convexa nov. sp., P. sulcata nov. sp., Linoproductus 
lutkewitschi, L. planiconvexus nov. sp., L. sp.1, L. sp.2, Cancrinella cancriniformis, C. 
pseudotruncata, C. koninckiana, Megousia aagardi, Magniplicatina khubsugulensis, 
M. undulate, M. transversa, M. sp., Spitzbergenia ogonerensis, Heteralosia 
alexandrae, Orthotetes jugorica, Streptorhynchus sp., Arctitreta kempei, 
Rhynoleichus delenjaensis, Stenoscisma biplicatum, S. sp., Camerisma lazarevi, 
Callaiapsida arctica, C. sp., Rhynchopora nikitini, Cleiothyridina bajkurica, C. sp., 
Jilinmartinia hovsugolensis nov. sp., J. medius nov. sp., Tiramnia greenlandica, 
Ingelarella atlanicha, I. plana, Neospirifer koargychanensis, N. sp., Spiriferella ovata, 
S. keilhaviiformis, S. mugunica, S. keilhavii, S. praesaranae, Alispiriferella lita, 
Paeckelmanella latissima, P. expansa, Phricodothyris suborbicularis, P. sp., 
Spirelytha fredericksi and Primorewia reshetnikov. 
 
Table 4.1  Species list of the brachiopod fauna described from the Hovsugol section 
Brachiopod species Number of specimens Collection bed Alispiriferella lita (Fredericks, 1924a) 23 5, 13, 15 
Arctitreta kempei (Andersson in Wiman, 1914) 10 5, 14 Callaiapsida arctica (Holtedahl, 1924) 55 5, 8 
Callaiapsida sp. 17 5 Camerisma lazarevi Pavlova in Pavlova et al., 1991 16 5, 8, 9 Cancrinella cancriniformis (Tschernyschew, 1889) 38 5, 7, 8, 14, 15 Cancrinella koninckiana (Verneuil, 1845) 86 5, 6, 7, 9, 14 
Cancrinella pseudotruncata Ustritsky, 1960a 47 5, 7, 8, 14, 15 
Cleiothyridina bajkurica (Tschernjak, 1963) >100 4, 5, 8, 9, 13, 14 
Cleiothyridina sp. 21 5, 9, 13, 14, 15 
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Dyoros (Dyoros) borealis Afanasjeva, 2006 9 5, 6 Dyoros (Dyoros) cf. pseudotrapezoidalis (Miloradovich, 1947) 4 5, 6 Dyoros (Dyoros) extensiformis Cooper and Grant, 1975 3 5 Dyoros (Dyoros) grandis Afanasjeva, 1977 17 5, 6, 9 
Dyoros (Dyoros) magniconvexus new species 18 5, 6, 14 
Dyoros (Dyoros) semicircularis Afanasjeva, 1991 37 5, 6, 8, 13 
Dyoros (Lissosia) planiminisculus new species 12 5, 6, 9, 13 Heteralosia alexandrae Pavlova in Pavlova et al., 1991 88 5 Ingelarella atlanicha (Kotljar, 1978) 18 14, 15 
Ingelarella plana Campbell, 1960 3 4, 5, 9 
Jilinmartinia hovsugolensis new species 2 7 
Jilinmartinia medius new species 3 5, 14, 15 
Linoproductus lutkewitschi Stepanov, 1936 37 5, 8, 13, 14 
Linoproductus planiconvexus new species 9 5, 8, 13, 14 
Linoproductus sp.1 3 5, 8 
Linoproductus sp.2 4 5, 7 
Magniplicatina khubsugulensis (Lazarev, 1991) 48 5, 7, 8, 14, 15 
Magniplicatina sp. 2 5 
Magniplicatina transversa Briggs, 1998 39 5, 13, 14 
Magniplicatina undulate Waterhouse, 1986a 19 5, 7, 14 
Megousia aagardi (Toula, 1875) >100 5, 7, 8, 9, 13, 14, 15 Neospirifer koargychanensis Zavodowsky in Zavodowsky and Stepanov, 1971 37 5, 6, 8, 13, 14, 15 Neospirifer sp. 1 13 
Orthotetes jugorica Ustritsky, 1960b 9 5, 14 
Paeckelmanella expansa (Tschernyschew, 1902) 14 5, 14 Paeckelmanella latissima Pavlova in Pavlova et al., 1991 18 5, 6, 9, 14 Paramarginifera convexa new species 27 5, 7, 8, 14, 15 
Paramarginifera nativa Manankov, 1991 >100 5, 7, 8, 14 
Paramarginifera pentagona new species 25 5, 7, 8, 14 
Paramarginifera sulcata new species 23 5, 7, 8, 14 
Phricodothyris sp. 42 5, 8, 9, 14 
Phricodothyris suborbicularis (Reed, 1944) 54 5, 7, 14, 15 Primorewia reshetnikov Licharew and Kotljar, 1978 26 5, 6, 7, 9, 13, 14 Rhynchopora nikitini Tschernyschew, 1885 45 5, 9, 13, 14, 15 Rhynoleichus delenjaensis Abramov and Grigorjeva, 1983 3 5, 7, 15 Spirelytha fredericksi Archbold and Thomas, 1984 2 5 
Spiriferella keilhavii (von Buch, 1846) 30 5, 8, 13, 15 
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Spiriferella keilhaviiformis Fredericks, 1916 >100 5, 6, 8, 9, 13, 14, 15 Spiriferella mugunica Pavlova in Pavlova et al., 1991 17 5, 13, 14, 15 Spiriferella ovata Lee and Gu, 1976 100 5, 6, 8, 13 
Spiriferella praesaranae Stepanov, 1948 >100 5, 6, 8, 9, 13, 15 
Spitzbergenia ogonerensis (Zavodowsky, 1960b) 42 5, 7, 14, 15 
Stenoscisma biplicatum (Stuckenberg, 1898) 11 5, 7, 8, 13, 14 
Stenoscisma sp. 1 14, 15 
Streptorhynchus sp. 1 5 
Tiramnia greenlandica (Dunbar, 1955) 9 15 Uraloproductus bilobatus Abramov and Grigorjewa, 1988 5 5, 7, 14 Uraloproductus stuckenbergianus (Krotow, 1885) 23 5, 7, 14  
In a brief summary of brachiopod biostratigraphy of the Hovsugol section, 
Manankov et al. (2006) recognised two stratigraphically distinctive brachiopod zones 
within the Hovsugol horizon: the Megousia aagardi – Paramarginifera native Zone 
in the lower part and the Spitzbergenia (Kolymaella) ogonorensis – Rhynoleichus 
delenjaensis Zone in the upper. However, according to both our field work and 
systematic study herein conducted (as shown in Figure 4.1), these two zones or 
assemblages could not be clearly distinguished. All the typical species of the two 
assemblages, such as M. aagardi, P. native, S. (K.) ogonorensis and R. delenjaensis, 
are very abundant and common in most of the beds (Figure 4.1) throughout the 
Hovsugol section. Therefore, in this thesis, we treat all the brachiopod species from 
this section as a single faunal assemblage. 
Dyoros (Dyoros) semicircularis, Paramarginifera nativa, Magniplicatina 
khubsugulensis, Heteralosia alexandrae, Camerisma lazarevi, Spiriferella mugunica 
and Paeckelmanella latissima were originally described from the Hovsugol area of 
southeastern Mongolia by Pavlova et al. (1991) and Afanasjeva et al. (2003) as 
Kungurian fauna on the basis of both brachiopods and an ammonoid Neouddenites 
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orientalis (Bogoslovskaja in Pavlova et al., 1991, p. 139) from the lower part of the 
section. 
 
 
 
Dyoros (Dyoros) extensiformis has been reported from the Kungurian 
Cathedral Mountain Formation and Roadian Road Canyon Formation in West Texas 
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(USA) by Cooper and Grant (1975, p. 1229). D. (D.) grandis has been recorded from 
the Artinskian to Roadian strata of the Russian Arctic and Northeast Russia 
(Afanasjeva, 1977; Bogoslovskaya et al., 1982). It also has been reported from the 
Kungurian Tab-Yu Formation of the Pechora Basin in Russia (Kotljar et al., 2004). D. 
(D.) borealis is elsewhere only known from the Kungurian Talatinskaya Formation of 
the Vorkuta River area in the northern Russian Platform (Afanasjeva, 2006). The 
species of D. (D.) pseudotrapezoidalis has mainly been reported from the Kungurian 
Tab-Yu and Kozhim Rudnik formations of the Pechora Basin in Russia (Mironova, 
1960; 1964; Ifanova, 1972; Kotljar et al., 2004), the Sakmarian Upper Jungle Creek 
Formation to Artinskian Tahkandit Formation of Yukon Territory of Canada (Bamber 
and Waterhouse, 1971; Shi and Waterhouse, 1996), and the Artinskian to Kungurian 
Talata Formation of northern European Russia (Kalashnikov, 1993). 
Uraloproductus stuckenbergianus has been recorded from the Kungurian to 
Roadian of Yukon Territory, Canada (Bamber and Waterhouse, 1971), the Sakmarian 
to Kungurian of the Urals in Russia (Tschernyschew, 1902; Stepanov, 1934; Licharew, 
1939a; Gerasimov, 1953; Kalashnikov, 1986), the Kungurian of the Pechora Basin in 
Russia (Mironova, 1960; Ifanova, 1972) and the Sakmarian to Artinskian strata of the 
Verkhoyan Mountains in northeastern Russia (Solomina, 1960; 1970; 1978; Abramov 
and Grigorjewa, 1983). However, U. bilobatus was only reported from the Lower 
Permian of the Verkhoyan Mountains, Russia (Abramov and Grigorjewa, 1988). 
As well as being reported from the same area of Hovsugol by Pavlova et al. 
(1991) and Afanasjeva et al. (2003), Linoproductus lutkewitschi has also been 
reported from the Wordian Zhesi Formation of Inner Mongolia (Lee and Gu, 1976); 
the Asselian to Sakmarian Kigiltas Formation of northeastern Russia (Kaschirzev, 
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1959) and the Artinskian Coyote Butte Formation of central Oregon in USA (Cooper, 
1957). 
Cancrinella cancriniformis and C. koninckiana have been widely recorded 
from the Carboniferous to Permian of south, north and northwest China; the Urals, 
Moscow Basin, Timan and Russian Far East (Keyserling, 1846; Tschernyschew, 1889; 
1902; Diener, 1897a; 1897b; Reed, 1925; Chao, 1927; 1928; Huang, 1932; Terra, 
1932; Ustritsky, 1963; Jin et al., 1974; Lee and Gu, 1976; Feng and Jiang, 1978; Liao, 
1979; Kalashnikov, 1980; Lee, Gu and Su, 1980; Zhang et al., 1983; Ding and Qi, 
1983; Lee, Gu and Li, 1984; Lee and Duan, 1985; Wang, 1995; Chen and Shi, 2002). 
C. pseudotruncata has been reported from the Early to Middle Permian (Sakmarian to 
Wordian) of North China and Northwest China (Ustritsky, 1960a; Lee and Gu, 1976; 
Lee, Gu and Li, 1984). 
Megousia aagardi was originally described from West Spitsbergen by Toula 
(1875), then this species was widely reported from Late Carboniferous 
(Pennsylvanian) (Kindle, 1907) to Permian (Asselian to Capitanian) of Russia, 
Mongolia, China, USA, Spitsbergen and Jan Mayen Island (Tschernyschew, 1902; 
Kaschirzev, 1959; Grant, 1971; Kulikov, 1974; Stepanov et al., 1975; Lee, Gu and Su, 
1980; Bogoslovskaya et al., 1982; Nakamura et al., 1987; Pavlova et al., 1991; 
Kalashnikov, 1993; Afanasjeva et al., 2003; Kotljar et al., 2004; Klets, 2005). 
Magniplicatina undulata was proposed by Waterhouse (1986a) from the 
Sakmarian to Artinskian Elvinia Formation of the Bowen Basin, Queensland of 
eastern Australia, and it has also been reported from the Artinskian strata of the 
Sydney Basin, New South Wales of eastern Australia (Armstrong, 1970a; McCarthy 
et al., 1974; Briggs, 1998). Similarly, M. transversa was originally reported from the 
Artinskian beds of the Sydney and Bowen basins in eastern Australia (Briggs, 1998). 
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The current occurrences of M. undulate and M. transversa at the Hovsugol section 
possibly represent the younger extension of these species. 
Spitzbergenia ogonerensis has been recorded from the Kungurian Tumarin 
Formation of the Verkhoyan Mountains of northeastern Russia (Abramov and 
Grigorjewa, 1988; Klets, 2005), the Kungurian Fol'k Formation of Russia (Ganelin 
and Lazarev, 2000) and the Roadian Omolon Formation of northeastern Russia 
(Grigorjewa et al., 1977). 
Orthotetes jugorica was first reported from the Lower Permian of Siberia and 
Arctic areas (Manankov, 1979; Ustritsky, 1960b), and elsewhere, this species has 
been reported from the Artinskian to Kungurian (Tsagan-Ula Formation) strata of 
Mongolia (Pavlova et al., 1991; Manankov, 1998a; 1999; 2012; Afanasjeva et al., 
2003). 
Arctitreta kempei has been recorded from the Artinskian to Kungurian 
(Tsagan-Ula Formation) strata of Mongolia (Pavlova et al., 1991), the Kungurian 
Lekvorkuta Formation of Northern European Russia (Kalashnikov, 1993), the 
Kungurian Sabine Bay Formation of Arctic Canada (Stehli and Grant, 1971), the 
Kungurian Tsagan-Ula Formation of Mongolia (Pavlova et al., 1991), the late 
Artinskian to Kungurian Voringen Member of the Kapp Starostin Formation of 
Spitsbergen (Angiolini and Long, 2008), the Roadian-Wrodian Assistance Formation 
of Arctic Canada (Harker and Thorsteinsson, 1960), the Wordian Baikur Formation of 
Taimyr, Russia (Ustritsky and Tschernjak, 1963), the Wordian Takhandit Formation 
of Alaska, USA (Brabb and Grant, 1971), the Wuchiapingian Hovtinden Member of 
the Kapp Starostin Formation of Spitsbergen and Jan Mayen Island (Nakamura et al., 
1987) and the Wuchiapingian Wegener Halvo Formation of Greenland (Dunbar, 
1955). 
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Rhynoleichus delenjaensis was proposed by Abramov and Grigorjeva in 1983 
from the Verkhoyan Mountains of Russia, and it has since been recorded mainly from 
Asselian to Artinskian or early Kungurian strata of the Verkhoyan Mountains in 
northeastern Russia (Abramov and Grigorjeva, 1983; 1988). The Mongolian 
occurrence of R. delenjaensis may be the youngest reported for this species to date. 
Stenoscisma biplicatum was widely reported from the Late Carboniferous 
(Bashkirian) to Late Permian (Wuchiapingian) of Russia, Mongolia, China, USA and 
the Salt Range of Pakistan (Tschernyschew, 1902; Licharew and Einor, 1939; Reed, 
1944; Kulikov, 1974; Lee and Gu, 1976; Cooper and Grant, 1976a; Liao, 1979; Lee, 
Gu and Su, 1980; Lee and Duan, 1985; Lee et al., 1986; Ding et al., 1991; Pavlova et 
al., 1991; Xia et al., 1996; Fan and He, 1999; Afanasjeva et al., 2003; Kotljar et al., 
2004). 
Callaiapsida arctica has mainly been recorded from the Artinskian strata of 
Alaska (Grant, 1971) and the Wordian Baikur Formation of Taimyr, Russia (Ustritsky 
and Tschernjak, 1963). 
Rhynchopora nikitini is one of the species that have been widely reported from 
the Late Carboniferous (Moscovian) to Middle Permian (Capitanian) of Russia, China, 
the Salt Rang of Pakistan, Canada and USA (Kindle, 1907; Tschernyschew and 
Stepanov, 1916; Buddington and Chapin, 1929; Reed, 1944; Sarytcheva and 
Sokolskaja, 1952; Kaschirzev, 1959; Einor and Vdovenko, 1959; Harker and 
Thorsteinsson, 1960; Ustritsky and Tschernjak, 1963; Mironova, 1967; Abramov, 
1970; Stehli and Grant, 1971; Grant, 1971; Kulikov, 1974; Solomina, 1981; Zhang et 
al., 1983; Kotljar et al., 2004). 
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Cleiothyridina bajkurica is also known from the Wordian Baikur Formation of 
Taimyr in Russia (Ustritsky and Tschernjak, 1963) and the Artinskian to Kungurian 
strata of Mongolia (Pavlova et al., 1991; Afanasjeva et al., 2003). 
Tiramnia greenlandica was first established by Dunbar (1955) from the Lower 
Permian of the Central East Greenland, since then it has also been recorded from the 
Kungurian strata of Mongolia (Pavlova et al., 1991; Afanasjeva et al., 2003), the 
Lower Permian of Siberia and Arctic Russia (Grunt, 1977) and the Roadian Takhandit 
Formation of Alaska, USA (Brabb and Grant, 1971). 
Ingelarella atlanicha was only reported from the Kungurian Reshetnikovo 
Formation of Southern Primorye, Russian Far East (Licharew and Kotljar, 1978) and 
from the Kungurian strata of Mongolia (Pavlova et al., 1991). I. plana has been 
recorded from the Sakmarian Mantle Volcanics Formation of New Zealand (Begg and 
Ballard, 1991) and the Artinskian to Kungurian Cattle Creek and Tiverton formations 
of Queensland, East Australia (Campbell, 1960; McClung, 1977; Waterhouse, 1983c). 
Neospirifer koargychanensis was originally named by Zavodowsky in 
Zavodowsky and Stepanov (1971) from the Lower Permian fauna of the Omolon 
River Basin of Northeastern Russia. Then, this species has been reported from the 
Sakmarian Echii Formation of the Verkhoyan Mountains in Northeast Russia 
(Abramov and Grigorjeva, 1988) and the Artinskian to Kungurian strata of 
southeastern Mongolia (Pavlova et al., 1991). 
At present, Spiriferella ovata and S. keilhaviiformis have limited distributions 
only in Mongolia and Inner Mongolia, China. The reported ages for both of them are 
Artinskian to Kungurian (Pavlova et al., 1991; Afanasjeva et al., 2003) and Roadian 
to Wordian (or possibly to Early Capitanian for S. keilhaviiformis) (Grabau, 1931; Lee 
and Gu, 1976; Lee et al., 1980; Lee and Gu, 1980a). In contrast, S. keilhavii has been 
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widely recorded from most of the Permian (Asselian to Wuchiapingian) of 
Spitsbergen, Greenland, Russia, Canada, USA, China and Japan (Tschernyschew, 
1902; Tschernyschew and Stepanov, 1916; Grabau, 1931; Frebold, 1931; 1937; 
Stepanov, 1936; Stepanov, 1937a; Licharew and Einor, 1939; Dunbar, 1955; Harker 
and Thorsteinsson, 1960; Yanagida, 1963; Gobbett, 1964; Nelson and Johnson, 1968; 
Logan and McGugan, 1968; Bamber and Waterhouse, 1971; Brabb and Grant, 1971; 
Lee and Gu, 1976; Minato et al., 1979; Lee et al., 1980; Waterhouse and Waddington, 
1982; Tazawa, 1982; 1999a; Tazawa and Gunji, 1982; Lee et al., 1985; Nakamura et 
al., 1987; 1992; Kalashnikov, 1998; Tazawa and Ibaraki, 2001; Shi et al., 2002a; 
Tazawa and Chen, 2006; Angiolini and Long, 2008). S. praesaranae was mainly 
reported from the Late Carboniferous to Early Permian of Bashkiria, Pechora Basin 
and the northern part of European Russia (Stepanov, 1948; Mironova, 1960; 1967; 
Kalashnikov, 1980). 
Alispiriferella lita has been recorded from Early Permian (Artinskian) to Late 
Permian (Wuchiapingian) of Russia, Mongolia, Japan and China (Fredericks, 1924a; 
Hayasaka, 1925; Stepanov, 1937b; Nonaka, 1944; Ustritsky and Tschernjak, 1963; 
Licharew and Kotljar, 1978; Tazawa, 1979; Minato et al., 1979; Pavlova et al., 1991; 
Manankov, 1998a; 1999; 2012; Tazawa et al., 2000; Tazawa, 2000a; 2001a; 2008a; 
2008b; 2009; Tazawa and Chen, 2006; Tazawa and Hasegawa, 2007). 
Paeckelmanella expansa has been mainly reported from the Lower Permian 
(Asselian to Kungurian) of Russia, Mongolia and North China (Ifanova, 1972; 
Kulikov, 1974; Ivanova, 1981; Pavlova et al., 1991; Kalashnikov, 1980; 1998; 
Afanasjeva et al., 2003; Wang and Zhang, 2003; Kotljar et al., 2004). 
Phricodothyris suborbicularis was originally described by Reed (1944) from 
the Salt Range of Pakistan. Elsewhere, this species has also been reported from the 
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Artinskian to Kungurian strata of Mongolia (Pavlova et al., 1991; Afanasjeva et al., 
2003). 
Spirelytha fredericksi has been recorded from the Sakmarian to Artinskian 
Callytharra and Cuncudgerie formations of Western Australia (Thomas, 1958; 
Archbold, 1983; Archbold and Thomas, 1984; Archbold et al., 1993; Archbold and 
Hogeboom, 2000), the Sakmarian Sigskaya Formation of the Khabarovsk region in 
eastern Russia (Klets, 1987), the Sakmarian to Artinskian Jungle Creek Formation of 
Yukon Territory, Canada (Bamber and Waterhouse, 1971; Shi and Waterhouse, 1996), 
the Kungurian strata of Mongolia (Pavlova et al., 1991; Afanasjeva et al., 2003) and 
the Sakmarian Sigskaya Suite of Verkhoyan Mountains, Russia (Klets, 2005). 
Primorewia reshetnikov was proposed by Licharew and Kotljar in 1978 from 
the Kungurian Reshetnikovo Formation of South Primorye, Russian Far East. 
Elsewhere, this species has only been reported from the Kungurian strata of Mongolia 
(Pavlova et al., 1991; Afanasjeva et al., 2003). 
 
4.1.2  Other faunas in the Hovsugol Section 
Except the extremely abundant brachiopod fossils in the Hovsugol section, 
some bryozoans and bivalve fossils were collected during our field trip in 2005, but 
those small collections are still not yet studied. Field samples were also collected for 
conodonts, but unfortunately none have been found despite our careful laboratory 
processing of these samples. Bogoslovskaja in Pavlova et al. (1991, p. 139) reported 
an ammonoid Neouddenites orientalis from the lower part of the Hovsugol section, 
which was considered by Manankov et al. (2006) conspecific with N. aff. caurus of 
Andrianov (1985) from the Dzhigdala Horizon of the Kolyma-Omolon Basin, 
northeast Asia, of latest Artinskian to Kungurian age. There are no fusulinid  
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and foraminiferal faunas reported in the Hovsugol section until the current study. 
Therefore, the age of the Kharanudunsk Formation in the Hovsugol section mainly 
depends on its rich brachiopod assemblage, which is detailed above and also 
highlighted in the following paragraph. 
 
4.1.3  Age of the Kharanudunsk Formation brachiopod fauna as a whole 
As discussed above, each species of the brachiopods has its own age range 
mainly from some stages of Carboniferous to Permian around many places of the 
world (Figure 4.2). However, except the eight new species and nine indeterminate 
species (open nomenclature), all the other forty-one species of brachiopods described 
in this thesis overlap in their age ranges bracketed between Artinskian and Kungurian, 
and are mostly nested within Kungurian (Figure 4.2). Therefore, in view of the ages 
of the brachiopod species, the age of the Kharanudunsk Formation at the Hovsugol 
section is here considered Kungurian, possibly extending down to late Artinskian. 
 
4.2  Brachiopod fauna and its age of the Dzhirem-Ula Section in southeastern 
Mongolia 
4.2.1  Brachiopod fauna from the Dzhirem-Ula Section 
As shown in Table 4.2, a total of forty-four brachiopod species belonging to 
twenty-seven genera are recognised, all but eight have been identified to species level. 
All the specimens were collected from the Lugin-Gol Formation (Tsagan-Ula and 
Solonker horizons) of the Dzhirem-Ula section in southeastern Mongolia. 
Brachiopods from the Lugin-Gol Formation (spanning both Tsagan-Ula and 
Solonker horizons) of the Dzhirem-Ula section described in this thesis include (Figure 
4.3): Mongolochonetes inaequalis, M. sp., Paramarginifera peregrina, P. sp., 
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Echinauris jisuensis, Marginifera gobiensis, M. leptorugosa, Anemonaria 
sulankherensis, A. sp., Liosotella decimana, Yakovlevia mammatiformis, Y. 
kaluzinensis, Y. dzhiremulensis, Horridonia morrisi, Kochiproductus saranaeanus, K. 
maximus, Waagenoconcha (Waagenochocha) angustata, W. (W.) impercepta, W. (W.) 
permocarbonica, Anidanthus ussuricus, A. sinuata, Cancrinella koninckiana, C. sp., 
Globiella reshetovi, Strophalosia kharaerdensis, Wyndhamia tjuvaevi, Leptodus 
nobilis, Poikilosakos cf. kamiyassensis, Arctitreta kempei, Streptorhynchus broilii, S. 
sp., Stenoscisma margaritovi, S. purdoniformis, S. sp., Rhynchopora tchernyshae, 
Cleiothyridina subexpansa, Neospirifer yihewusuensis, N. fasciger, N. sp., 
Betaneospirifer sp., Kaninospirifer adpressum, K. incertiplicatus, Spiriferella 
keilhaviiformis, Alispiriferella lita. 
 
Table 4.2  Species list of brachiopod fauna described from the Dzhirem-Ula section 
Brachiopod species Number of specimens Collection bed Alispiriferella lita (Fredericks, 1924a) 12 6 
Anemonaria sp. 15 2 
Anemonaria sulankherensis Manankov, 1998a 53 2, 3 
Anidanthus sinuata (Ustritsky, 1963) 5 4, 6 
Anidanthus ussuricus (Fredericks, 1924a) 19 5, 6 
Arctitreta kempei (Andersson in Wiman, 1914) 1 2 Betaneospirifer sp. 9 4, 5, 6 Cancrinella koninckiana (Verneuil, 1845) 35 1, 2, 3, 4 
Cancrinella sp. 1 6 
Cleiothyridina subexpansa (Waagen, 1883) 6 6 
Echinauris jisuensis (Chao, 1927) 11 5, 6 
Globiella reshetovi Manankov, 1998a 4 4 
Horridonia morrisi (Chao, 1927) 2 5, 6 
Kaninospirifer adpressum (Liu and Waterhouse, 1985) 7 5, 6 
Kaninospirifer incertiplicatus Pavlova in Pavlova et al., 1991 25 1, 2, 4 
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Kochiproductus maximus Manankov in Pavlova et al., 1991 18 4, 6 
Kochiproductus saranaeanus (Fredericks, 1933) 75 1, 3, 4, 5, 6 
Leptodus nobilis (Waagen, 1883) 1 6 
Liosotella decimana Manankov in Pavlova et al., 1991 59 1, 2, 4 
Marginifera gobiensis Chao, 1927 17 5, 6 
Marginifera leptorugosa Duan and Li, 1985 9 5, 6 
Mongolochonetes inaequalis Afanasjeva, 1991 58 5 
Mongolochonetes sp. 15 5 
Neospirifer fasciger (Keyserling, 1846) 5 4 
Neospirifer sp. 3 5, 6 
Neospirifer yihewusuensis Duan and Li, 1985 15 5, 6 
Paramarginifera peregrina Fredericks, 1924a 85 5, 6 
Paramarginifera sp. 4 5, 6 
Poikilosakos cf. kamiyassensis Tazawa and Takaizumi, 1987 2 6 
Rhynchopora tchernyshae Koczyrkevicz, 1979a 20 4, 5 
Spiriferella keilhaviiformis Fredericks, 1916 45 4, 5, 6 Stenoscisma margaritovi (Tschernyschew, 1888) 18 5, 6 Stenoscisma purdoniformis (Grabau, 1931) 21 5, 6 
Stenoscisma sp. 3 2, 4 
Streptorhynchus broilii Grabau, 1931 7 5, 6 
Streptorhynchus sp. 2 6 
Strophalosia kharaerdensis Manankov, 1998a 1 6 
Waagenoconcha (Waagenochocha) angustata Sarytcheva, 1984 28 1, 4 
Waagenoconcha (Waagenochocha) impercepta Manankov in Pavlova et al., 1991 96 1, 3, 4 
Waagenoconcha (Waagenochocha) permocarbonica Ustritsky in Ustritsky and Tschernjak, 1963 26 5, 6 
Wyndhamia tjuvaevi Manankov, 1998a 20 5, 6 
Yakovlevia dzhiremulensis Manankov, 1998a 39 5, 6 
Yakovlevia kaluzinensis Fredericks, 1925 58 5, 6 
Yakovlevia mammatiformis (Fredericks, 1926c) 9 4  
Manankov (1998b, 1999) proposed three stratigraphical brachiopod zones 
within the Dzhirem-Ula section: the Liosotella decimana-Waagenoconcha angustata 
Zone and Alispiriferella lita-Kaninospirifer adressum Zone for the Tsagan-Ula 
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horizon in the lower and middle parts, and the Echinauris jisuensis Zone for the 
Solonker horizon in the upper most part. However, based on our field investigation 
and systematic study herein conducted (shown in Figure 4.3), these three different 
zones or assemblages could only be distinguished into two zones or assemblages: 
Liosotella decimana-Waagenoconcha (Waagenochocha) angustata Assemblage for 
the lower part, followed by the Echinauris jisuensis Assemblage in the upper part. All 
the typical species of Echinauris jisuensis and Alispiriferella lita-Kaninospirifer 
adressum assemblages recognised by Manankov (1998b, 1999) share the same 
stratigraphical beds (Figure 4.3) throughout the Dzhirem-Ula section. Therefore, in 
this thesis, we are inclined to divide the brachiopod species from the Dzhirem-Ula 
section into two distinctive stratigraphic assemblages: Liosotella decimana-
Waagenoconcha (Waagenochocha) angustata in the lower part, and the Echinauris 
jisuensis (Alispiriferella lita-Kaninospirifer adressum) in the upper part. Typical 
elements of the Liosotella decimana-Waagenoconcha (Waagenochocha) angustata 
Assemblage include: Anemonaria sulankherensis, A. sp., Liosotella decimana, 
Yakovlevia mammatiformis, Waagenoconcha (Waagenochocha) angustata, W. (W.) 
impercepta, Cancrinella koninckiana, Globiella reshetovi, Arctitreta kempei, 
Stenoscisma sp., Neospirifer fasciger and Kaninospirifer incertiplicatus. In 
comparison, the common species for the Echinauris jisuensis (Alispiriferella lita-
Kaninospirifer adressum) Assemblage comprise: Mongolochonetes inaequalis, M. sp., 
Paramarginifera peregrina, P. sp., Echinauris jisuensis, Marginifera gobiensis, M. 
leptorugosa, Yakovlevia kaluzinensis, Y. dzhiremulensis, Horridonia morrisi, 
Waagenoconcha (Waagenochocha) permocarbonica, Anidanthus ussuricus, 
Cancrinella sp., Strophalosia kharaerdensis, Wyndhamia tjuvaevi, Leptodus nobilis, 
Poikilosakos cf. kamiyassensis, Streptorhynchus broilii, S. sp., Stenoscisma 
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margaritovi, S. purdoniformis, Cleiothyridina subexpansa, Neospirifer yihewusuensis, 
N. sp., Kaninospirifer adpressum and Alispiriferella lita. Both assemblages are 
sharing the species of Kochiproductus saranaeanus, K. maximus, Anidanthus sinuata, 
Rhynchopora tchernyshae, Betaneospirifer sp. and Spiriferella keilhaviiformis. 
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Anemonaria sulankherensis, Liosotella decimana, Waagenoconcha 
(Waagenochocha) impercepta, Globiella reshetovi, Kochiproductus maximus and 
Kaninospirifer incertiplicatus from the Liosotella decimana-Waagenoconcha 
(Waagenochocha) angustata assemblage were originally described from the Dzhirem-
Ula area of southeastern Mongolia by Pavlova et al. (1991) and Manankov (1998a) as 
a Roadian to Wordian fauna (Tsagan-Ula horizon) on the basis of both brachiopods 
and associated bryozoans (Maychella nitens, Permofenestella labuensis, P. vera), 
foraminifers (Nodosaria tenuiseptata) and conodont (Mesogondolella sp.) (Manankov, 
1998b). The species of Mongolochonetes inaequalis, Strophalosia kharaerdensis, 
Wyndhamia tjuvaevi and Yakovlevia dzhiremulensis from the Echinauris jisuensis 
assemblage were also originally described from the Dzhirem-Ula area of southeastern 
Mongolia by Pavlova et al. (1991) and Manankov (1998a) as Wordian to Capitanian 
fauna (Solonker horizon) on the basis of brachiopods, bivalves (Cipricardina 
permica), bryozoans (Discritella turbine, D. praespinigera, Rectifenestella 
gilianshanensis, Polyporella lyndoni, Girtyporina mongoliensis, Hexagonella ramose, 
Maychella tuberculata, Streblascopora confuse) and foraminifers (Nodosaria 
kolymica) (Manankov, 1998b). 
The ages of Arctitreta kempei, Spiriferella keilhaviiformis, Cancrinella 
koninckiana and Alispiriferella lita have been discussed above in the Hovsugol fauna 
of this chapter. Briefly, both Arctitreta kempei and Alispiriferella lita range in age 
from Artinskian to Wuchiapingian; Spiriferella keilhaviiformis from Artinskian to 
Capitanian, and Cancrinella koninckiana broadly from the Carboniferous to Permian. 
Yakovlevia mammatiformis was widely recorded from the Artinskian to 
Kungurian stage of European Russia, Urals, Petchora basin and northeast Russia 
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(Kaschirzev, 1959; Kulikov, 1974; Chuvashov and Nairn, 1993; Kotljar et al., 2004; 
Klets, 2005), the Dashizhai Formation of Kungurian (Gu and Zhu, 1985; Wang and 
Zhang, 2003) and the Zhesi Formation of Wordian stage in Inner Mongolia, China 
(Lee and Gu, 1976; Lee et al., 1984; Duan and Li, 1985), Tsagan-Ula Horizon of 
Lugin-Gol Formation (Roadian to Wordian) of southeastern Mongolia (Manankov, 
1998b; 1999; 2012; Afanasjeva et al., 2003), and Iriishikura Formation (Wordian) of 
northeast Japan (Tazawa, 1999a). Y. kaluzinensis has mainly been recorded from the 
Wordian to Capitanian Chandalaz Formation of South Primorye in Russian Far East 
(Fredericks, 1925; Licharew and Kotljar, 1978), the Tsagan-Ula and Solonker 
horizons of southeastern Mongolia (Manankov, 1998a; 1998b; 1999; 2012; 
Afanasjeva et al., 2003) and the Wordian Moribu Formation of central Japan (Tazawa, 
1999a; 2001b). 
Waagenoconcha (Waagenochocha) angustata has been reported from the 
Kungurian age in the Petchora basin of European Russia (Sarytcheva, 1984) and the 
Tsagan-Ula Horizon of the Lugin-Gol Formation (Roadian to Wordian) of 
southeastern Mongolia (Manankov, 1998b; 1999; 2012; Afanasjeva et al., 2003). W. 
(W.) permocarbonica is one of the species that have been widely reported from the 
Late Carboniferous (Bashkirian) to Middle Permian (Capitanian) of Taimir in Russia, 
Yukon Territory in western Canada, Verchoyan Mountains in northeast Russia, 
southeastern Mongolia, Inner Mongolia, northeast China and central Japan (Ustritsky 
and Tschernjak, 1963; Lee, Gu and Su, 1980; Lee, Gu and Li, 1984; Duan and Li, 
1985; Gu and Zhu, 1985; Shi and Waterhouse, 1996; Tazawa, 2000b; 2001b; 
Manankov, 1998b; 1999; 2012; Afanasjeva et al., 2003). 
Neospirifer fasciger has been widely reported from Carboniferous to Permian 
strata (Tschernyschew, 1902; Chao, 1929; Yanagida, 1963; 1969; Lee and Gu, 1976; 
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Tong, 1978; Wang et al., 1982; Zhang et al., 1983; Lee and Duan, 1985; Lee, Yang 
and Feng, 1986; Kalashnikov, 1998; Wang and Yang, 1998; Fan and He, 1999; 
Tazawa, 2001b) and does not suggest any precise age. N. yihewusuensis has only been 
reported from the Capitanian Yihewusu Formation of Inner Mongolia (Duan and Li, 
1985) and the Solonker horizon (Wordian to Capitanian) of southeastern Mongolia 
(Manankov, 1998b; 1999; 2012; Afanasjeva et al., 2003). 
Anidanthus sinuata was proposed by Ustritsky in 1963 from the 
Shuangbaotang Formation of late Artinskian to Roadian age in the Beishan area, 
northwest China; it was also reported from the Tsagan-Ula and Solonker horizons of 
Lugin-Gol Formation (Roadian to Capitanian) of southeastern Mongolia (Manankov, 
1998b; 1999; 2012; Afanasjeva et al., 2003). A. ussuricus has been recorded from the 
Wordian to Capitanian strata of Russian Far East (Licharew and Kotljar, 1978), Inner 
Mongolia, northeast China (Lee and Gu, 1976; Lee, Gu and Su, 1980; Lee, Gu and Li, 
1984; Duan and Li, 1985), southeastern Mongolia (Manankov, 1998b; 1999; 2012; 
Afanasjeva et al., 2003) and northeast Japan (Nakamura, 1972b). 
Kochiproductus saranaeanus has been recorded from the Asselian to 
Artinskian faunas of southern Urals, Timan and Novaya Zemlya in northern Russia 
(Solomina, 1960; Ifanova, 1972; Kulikov, 1974; Kalashnikov, 1986), and early 
Sakmarian faunas of Yukon Territory in Canada (Shi and Waterhouse, 1996). It has 
also been reported from the Tsagan-Ula and Solonker horizons of Lugin-Gol 
Formation (Roadian to Capitanian) of southeastern Mongolia (Pavlova et al., 1991; 
Manankov, 1998b; 1999; 2012; Afanasjeva et al., 2003). 
Rhynchopora tchernyshae was originally described from the lower Barabash 
Formation of Wordian age in South Primorye by Koczyrkevicz (1979a); elsewhere, 
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this species was only reported from the Oyakejima Formation (Capitanian) of 
northeastern Japan (Tazawa et al., 2000). 
Stenoscisma margaritovi was recorded from the Wordian stage of South 
Primorye, Russian Far East (Licharew and Kotljar, 1978), Zhesi area, Inner Mongolia 
(Duan and Li, 1985) and central to northeast Japan (Tazawa and Matsumoto, 1998; 
Tazawa, 2000b; 2001b; Tazawa et al., 2000). S. purdoniformis has only been reported 
from the Middle Permian (Wordian to Capitanian) of the Zhesi area (Jisu Honguer) in 
Inner Mongolia, North China (Grabau, 1931; Wang et al., 1964; Duan and Li, 1985). 
Paramarginifera peregrina was proposed by Fredericks (1924a) from the 
Middle Permian Chandalaz Formation (Wordian to Capitanian) of the Vladivostok 
area, South Primorye of Russian Far East, and it has also been reported from the 
Wordian to Capitanian strata of Inner Mongolia of northeast China (Duan and Li, 
1985; Lee, Gu and Su, 1980; Wang and Zhang, 2003), southern Mongolia (Manankov, 
1998b; 1999; 2012; Afanasjeva et al., 2003) and northeast Japan (Tazawa, 2008a; 
2008c). 
Echinauris jisuensis has been recorded mainly from the Wordian to Capitanian 
Zhesi and Yihewusu formations of Inner Mongolia (Chao, 1927; Grabau, 1931; Duan 
and Li, 1985) and Solonker horizon (Wordian to Capitanian) of southeastern 
Mongolia (Manankov, 1998a; 1998b; 1999; 2012). 
Marginifera gobiensis was first reported from the Wordian to Capitanian Jisu 
Honguer limestone in Inner Mongolia (Chao, 1927), then it has been continuously 
reported from Wordian to Capitanian strata of Inner Mongolia in northeast China 
(Grabau, 1931; Lee and Gu, 1976; Lee, Gu and Su, 1980; Lee, Gu and Li, 1984; Duan 
and Li, 1985). Elsewhere, this species has been reported from the Tsagan-Ula and 
Solonker horizons (Wordian to Capitanian) of southeastern Mongolia (Manankov, 
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1998b; 1999; 2012; Afanasjeva et al., 2003) and the Asselian Taiyuan Formation of 
North China (Fan and He, 1999). M. leptorugosa was originally proposed by Duan 
and Li (1985) from the Zhesi Formation (Wordian) of Zhesi section in Inner 
Mongolia, China. The same species has only been reported from the Solonker horizon 
(Wordian to Capitanian) of southeastern Mongolia (Manankov, 1998b; 1999; 2012; 
Afanasjeva et al., 2003). 
Horridonia morrisi is also known from the Wordian to Capitanian Zhesi and 
Yihewusu formations of Inner Mongolia in China (Duan and Li, 1985) and the 
Solonker horizon of southeastern Mongolia (Manankov, 1998b; 1999; 2012; 
Afanasjeva et al., 2003). 
Leptodus nobilis was widely and repeatedly reported from the Permian of the 
Palaeoequatorial Realm and its peripheral (transitional) zones with Gondwana and 
Boreal realms (detailed list of synonyms see systematic description part of Dzhirem-
Ula fauna) (Shi et al., 1995). 
Poikilosakos cf. kamiyassensis was originally described by Tazawa and 
Takaizumi (1987) from the lower Kanokura Formation (Wordian) of southern 
Kitakami Mountains in northeast Japan. Elsewhere, this species has only been 
reported from the Tsagan-Ula and Solonker horizons of southeastern Mongolia 
(Manankov, 1998b; 1999; 2012; Afanasjeva et al., 2003). 
Streptorhynchus broilii has been reproted from the Wordian Zhesi Formation 
of Inner Mongolia, northeast China (Grabau, 1931), the Wordian to Capitanian 
Solonker horizon of southeastern Mongolia (Manankov, 1998b; 1999; 2012; 
Afanasjeva et al., 2003), as well as from the Kungurian to Roadian strata of south 
China (Chang, 1987). 
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Cleiothyridina subexpansa was widely reported from the Late Carboniferous 
(Moscovian) to Late Permian (Changhsingian) of Iran, northeast Japan, Nepal, Tibet 
of China, south China, northwest China, northeast China and southeastern Mongolia 
(Diener, 1897a; Fantini Sestini, 1965; Lee and Gu, 1976; Waterhouse, 1978; Zhang et 
al., 1983; Zhao and Tan, 1984; Lee et al., 1986; Manankov, 1998b; 1999; 2012; 
Tazawa et al., 2000; Shen et al., 2001; Afanasjeva et al., 2003; Waterhouse and Chen, 
2007; Tazawa, 2011). 
To date, Kaninospirifer adpressum has only been reported from the Wordian 
Zhesi Formation of Inner Mongolia (Liu and Waterhouse, 1985) and the Tsagan-Ula 
horizon (Wordian) of southeastern Mongolia (Pavlova et al., 1991; Manankov, 1998b; 
1999; 2012; Afanasjeva et al., 2003). 
 
4.2.2  Other faunas in the Dzhirem-Ula Section 
Our field trip in 2005 also collected some other fossils, such as bryozoans, 
bivalves and conodonts, but the collections are still not yet studied. Except the 
abundant brachiopods in the Dzhirem-Ula section, Manankov (1998b, 1999; 2012) 
also mentioned bryozoans Maychella nitens, Permofenestella labuensis, P. vera, 
foraminifers Nodosaria tenuiseptata, conodont Mesogondolella sp. from the 
Liosotella decimana-Waagenoconcha angustata zone (assemblage); and bivalves 
Cipricardina permica, bryozoans Discritella turbine, D. praespinigera, 
Rectifenestella gilianshanensis, Polyporella lyndoni, foraminifers Nodosaria kolymica 
from Alispiriferella lita-Kaninospirifer adressum zone (assemblage); bryozoans 
Girtyporina mongoliensis, Hexagonella ramose, Maychella tuberculata, 
Streblascopora confuse from the Echinauris jisuensis zone (assemblage). As 
suggested above, the two brachiopod zones of Alispiriferella lita-Kaninospirifer  
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adressum and Echinauris jisuensis are actually treated as the same zone in this thesis, 
their other faunas from those two zones are also closely associated (Pavlova et al., 
1991; Manankov, 1998b; 1999; 2012). All the other faunas as well as brachiopods are 
broadly suggesting a Middle Permian age for the Lugin-Gol Formation (Pavlova et al., 
1991; Manankov, 1998b; 1999; 2012), which is discussed in brachiopod species 
above and also highlighted in the following paragraph. 
 
4.2.3  Age of the Lugin-Gol Formation brachiopod fauna as a whole 
Similar to the Kharanudunsk Formation brachiopod fauna, each species of the 
brachiopods has its own age range (Figure 4.4). However, the brachiopod species of 
the Liosotella decimana-Waagenoconcha angustata assemblage overlap in their age 
between Roadian to Wordian, while the brachiopod species of the Echinauris 
jisuensis Assemblage (= Alispiriferella lita-Kaninospirifer adressum Zone of 
Manankov) overlap in their age between Wodian to Capitanian (Figure 4.4). 
Therefore, from the view point of brachiopod species, the age of the Lugin-Gol 
Formation at the Dzhirem-Ula section is here considered to be Roadian to Capitanian. 
Specifically, the age of the Tsagan-Ula horizon which contains the Liosotella 
decimana-Waagenoconcha angustata Assemblage is Rodian to Wordian, and the age 
of the Solonker horizon marked by the Echinauris jisuensis Assemblage (= 
Alispiriferella lita-Kaninospirifer adressum assemblage) is Wordian to Capitanian. 
 
4.3  Correlation of faunas between the marine Permian in southeastern Mongolia 
and adjacent regions of East Asia 
The faunas of marine Permian in southeastern Mongolia are largely correlative 
with those in Inner Mongolia, Northeast China, South Primorye in Russian Far East 
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and in Japan. Although many marine fossil groups have been reported from the 
Permian strata of East and Northeast Asia, but brachiopods are the most ubiquitous 
and best studied group across this whole region (Appendix 1). Thus, in this thesis, 
brachiopods are used as a primary tool for biostratigraphic correlations with other 
closely related regions of Inner Mongolia, North China, South Primorye (Russian Far 
East) and Japan (Figure 4.5). 
 
4.3.1  Beishan area, Gansu Province, China 
The marine Permian strata in the Beishan area (Figure 4.5) of Gansu Province, 
northwest China have been widely reported (Ustritsky, 1963; No. 2 Regional Survey 
Team in Gansu Bureau of Geology and Lanzhou University, 1975; Regional 
Geological Survey Team in Gansu Bureau of Geology, 1980; Liang, 1981; Zhu, 1983; 
Bureau of Geology and Mineral Resources of Gansu Province, 1989; Yang et al., 
2005; Wang et al., 2007; Mu, 2008). Generally, the marine Permian deposits in the 
Beishan area are divided into the Shuangbaotang, Jushitan and Jinta formations from 
lower to upper (Zhu, 1983; Li et al., unpublished manuscript). The Shuangbaotang 
Formation unconformably overlies the Carboniferous Hongliuyuan Formation; and 
the Jinta Formation is unconformably overlain by Upper Permian terrestrial deposits 
of the Fangshankou Formation. 
The Shuangbaotang Formation in Beishan area is 100-2000 m thick and 
composed mainly of tuffstone, sandstone, conglomerate, siltstone, shale and limestone 
(Zhu, 1983; Li et al., unpublished manuscript). According to Ustritsky (1963), Ding 
and Qi (1983) and Li et al. (unpublished manuscript), the brachiopods described from 
this formation are: Marginifera ovalis, M. dieneri, Aulosteges cf. gigantiformis, 
Liosotella spitzbergiana, Yakovlevia mammatiformis, Dictyoclostus sp., 
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Kochiproductus porrectus, K. sp., Waagenoconcha (Waagenochocha) sp., Anidanthus 
sinuata, Compressoproductus compressus, ?C. sp., Cancrinella koninckiana, 
Leptodus richthofeni, Enteletes andrewsi, E. sp., Stenoscisma margaritovi, S. 
gigantea, S. purdoni, S. gigantiformis, Hustedia lata, Hustedia grandicosta, 
Neospirifer fasciger, N. striatus, N. ravana, Kaninospirifer kaninensis, Spiriferella 
saranae, Schellwienella anxiensis, Juresania sinuata, Cyrtella sp., Pterospirifer 
alatus, Punctospirifer sp. and Dielasma elongatum. In addition to these brachiopod 
 
 
 
species listed here, other brachiopods were reported from the same formation by the 
Regional Geological Survey Team in Gansu Bureau of Geology (1980), Zhu (1983) 
and the Bureau of Geology and Mineral Resources of Gansu Province (1989). The 
additional brachiopod species include Waagenoconcha cf. cylindricus, W. cf. abichi, 
W. purdoni, W. sp., Tschernyschewia pseudoirginae, Linoproductus sp., 
Schellwienella sp., Cancrinella cancriniformis, C. cf. pseudotruncata, C. sp., 
Marginifera morrisi, M. gobiensis, M. cf. gaominensis, M. sp., Echinauris cf. 
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jisuensis, Plicatifera sp., Transennatia gratiosa, Streptorhynchus sp., Brachythyrina 
sp., Neochonetes latesinuata, Tenuichonetes tenuilirata, Martinia sp., Spiriferella 
salteri, S. keilhaviformis, S. rajah, S. keilhavii, S. cristata, S. persaranae, S. sp., 
Kochiproductus longus, Leptodus nobilis, Oldhamina cf. decipiens, Licharewia 
grewingki, Yakovlevia mammata, Y. plenusa, Y. sp., Buxtonia sp., Echinoconchus sp., 
Juresania juresanensis, J. sp., Neospirifer striatoparadoxus, N. subfasciger, N. sp. 
Ambocoelia sp., Stenoscisma purdoniformis, S. sp., Orthotetes simensis, O. sp., 
Cleiothyridina subexpans, Elivina sp., Acosarina indica, Schizophoria resupinate, 
Anidanthus sp., Crurithyris sp., Dielasma sp., Paramarginifera zesiensis, P. cf. 
dalinurica, Squamularia sp., Alexenia sp., Haydenella cf. kiangsiensis, Reticulatia cf. 
subplicata, Liosotella sp., Paeckelmanella sp. and Tyloplecta yangtzeensis. The 
majority of these species from the Shuangbaotang Formation have not been 
systematically described. The age of the Shuangbaotang Formation is considered to be 
late Artinskian to Roadian based on the brachiopod assemblage of Stenoscisma 
purdoni-Yakovlevia mammatiformis (Zhu, 1983; Li et al., unpublished manuscript), 
ammonoid assemblage Artinskia-Neocrimites (Liang, 1981; Zhu, 1983; Mu, 2008) 
and bivalves (Wang et al., 2007). Thus, the Shuangbaotang Formation is correlated to 
the Hovsugol Horizon and most part of the Tsagan-Ula Horizon in southeastern 
Mongolia as they share many brachiopod species: Yakovlevia mammatiformis, 
Waagenoconcha sp., Cancrinella koninckiana, C. cancriniformis, C. pseudotruncata, 
Linoproductus sp., Marginifera gobiensis, Echinauris jisuensis, Streptorhynchus sp., 
Spiriferella keilhaviformis, S. keilhavii, Anidanthus sinuata, Leptodus nobilis, 
Neospirifer fasciger, N. sp., Stenoscisma purdoniformis, S. sp. and Cleiothyridina 
subexpans (Table 4.3; Appendix 1). 
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The Jushitan Formation, 180-1500 m thick, conformably overlies the 
Shuangbaotang Formation (Zhu, 1983; Li et al., unpublished manuscript). 
Lithologically, this formation is composed mainly of thick bedded sandstone, siltstone, 
shale and limestone, containing fossils of brachiopods, cephalopods, gastropods, 
corals and bivalves. According to the report of the Regional Geological Survey Team 
in Gansu Bureau of Geology (1980), Ding and Qi (1983), Zhu (1983) and the Bureau 
of Geology and Mineral Resources of Gansu Province (1989), brachiopods from the 
Jushitan Formation include Schuchertella sp., Neospirifer sp., Uncinunellina 
mongolicus, U. timorensis, Spiriferella saranae, S. sp., Cryptospirifer omeishanensis 
(This species was mentioned by Zhu (1983) without description and plate to confirm), 
Tenuichonetes aff. tenuilirata, Marginifera typica, M. typica elongata, M. morrisi, 
Streptorhynchus? kayseri and Schellwienella crenistria. Zhu (1983) proposed the 
brachiopod assemblage of Cryptospirifer omeishanensis – Uncinunellina mongolicus 
for the Jushitan Formation, and correlated it to the lower part of the Maokou 
Formation (Wordian) in South China. The Jushitan Formation does not have many 
species shared with those of southeastern Mongolia, however, as noticed by the author 
of this thesis, there is no single brachiopod systematic research available from the 
Jushitan Formation at present stage. So it is not surprising to find that they have little 
in common at species level. Nevertheless, further research on brachiopods from the 
Jushitan Formation is likely to make a difference. The age of the Jushitan Formation 
is considered to be Wordian based on the ammonoids Waagenoceras, 
Paragastrioceras-Altudoceras and Strigogoniatites (Zhao, 1955; Liang, 1981; Zhu, 
1983), brachiopod Cryptospirifer omeishanensis – Uncinunellina mongolicus 
assemblage and other faunas such as bivalves, corals and gastropod (Li et al., 
unpublished manuscript). 
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The Jinta Formation is 500-3600 m thick, and mainly composed of volcanic rocks or 
volcaniclastic sediments (Li et al., unpublished manuscript). Marine fossils are rare in 
this formation, and those that have been reported (including brachiopods: Obiculoidea 
sp., Phricodothyris asiatica, Spiriferella rajah; ammonoids Pseudogastrioceras sp., 
Stringoganiotites cf. liuchowensis and Stacheoceras sp.) (Regional Geological Survey 
Team in Gansu Bureau of Geology, 1980; Zhu, 1983; Li et al., unpublished 
manuscript) do not indicate a specific age other than Middle Permian. However, given 
that the Jinta Formation is conformably underlain by the Jushitan Formation of 
Wordian age (Regional Geological Survey Team in Gansu Bureau of Geology, 1980; 
Zhu, 1983; Li et al., unpublished manuscript), the age of the Jinta Formation is most 
likely to be Capitanian. 
 
4.3.2.  Inner Mongolia 
Permian sedimentary rocks are distributed widely in Inner Mongolia along the 
border between southeastern Mongolia and north to northeast China. In this vast area, 
the Permian successions and brachiopod faunas in Ekenalsileng, Zhesi, Xiujimqinqi 
and Dongujimqinqi are well exposed and documented in the region. Brachiopods 
reported from these localities are very similar to each other, and as a whole, they are 
well correlated with those from southeastern Mongolia. 
 
4.3.2.1  Ekenalsileng area of Badain Jaran Desert 
Zhang (1990) reported a brachiopod fauna from the Ekenalsileng area of 
Badain Jaran Desert, west of Inner Mongolia (Figure 4.5). The investigated 
Ekenalsileng section is located in the western part of Inner Mongolia, close to the 
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southeastern margin of the Beishan area mentioned above. The lithology of this 
section, about 1200 m thick, is mainly composed of sandstone, siltstone, lenticular 
limestone and siliceous rocks with volcanics at both bottom and top parts of the 
formation. Fossils are very abundant at this section, especially brachiopods. The 
reported brachiopods are: Acosarina indica, Schizophoria resupinate, Enteletes sp., 
Orthotetes sp., Schellwienella sp., Waagenoconcha cf. purdoni, Juresania 
juresanensis, Anidanthus sinuata, Spinomarginifera sp., Dictyoclostus sp., 
Marginifera morrisi, Tyloplecta yangtzeensis, Liosotella spitzbergiana, Yakovlevia cf. 
mammata, Y. cf. mammatiformis, Cancrinella sp., Linoproductus? sp., Spiriferella 
saranae, S. salteri, S. persaranae, Neospirifer fasciger, N. cf. ravana, Crurithyris sp., 
Martinia sp., Dielasma sp. and Hustedia grandicosta. According to Zhang (1990; 
1995), these brachiopods are assignable to the Spiriferella saranae- Yakovlevia 
mammatiformis assemblage and closely correlated with the brachiopod Stenoscisma 
purdoni-Yakovlevia mammatiformis assemblage of the Shuangbaotang Formation of 
the Beishan area discussed above, suggesting that the Ekenalsileng fauna may 
represent the eastern extension of the Shuangbaotang brachiopod faunas (Zhang, 1990; 
Li et al., unpublished manuscript). Among the brachiopod species recognised from the 
Spiriferella saranae- Yakovlevia mammatiformis assemblage by Zhang (1990), 90% 
of the species also occur in the Shuangbaotang Formation of the Beishan area; these 
including the following species: Acosarina indica, Schizophoria resupinate, Enteletes 
sp., Orthotetes sp., Schellwienella sp., Waagenoconcha purdoni, Juresania 
juresanensis, Anidanthus sinuata, Dictyoclostus sp., Marginifera morrisi, Tyloplecta 
yangtzeensis, Liosotella spitzbergiana, Yakovlevia mammata, Y. mammatiformis, 
Cancrinella sp., Spiriferella saranae, S. salteri, S. persaranae, Neospirifer fasciger, N. 
ravana, Crurithyris sp., Martinia sp., Dielasma sp. and Hustedia grandicosta 
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(Appendix 1). Thus, the Ekenalsileng brachiopod fauna is also broadly correlated to 
the Hovsugol and most part of the Tsagan-Ula horizons in southeastern Mongolia. 
 
4.3.2.2  Zhesi area 
The Zhesi area in Inner Mongolia, China is geographically the closest area to 
southeastern Mongolia (Figure 4.5). The Permian strata and faunas of this area have 
been intensively studied (Berkey and Morris, 1927; Chao, 1927; Grabau, 1931; Lee 
and Gu, 1976; Li, 1980; Lee et al., 1980; 1982; Ding et al., 1985; Liu and Waterhosue, 
1985; Leven et al., 2001; Wang and Zhang, 2003). The Permian deposits in this area 
were subdivided into three formations: Baotege (Hugete Formation of Ding et al., 
1985), Zhesi (in some literatures it was also called Jisu Honguer Formation, such as 
Wang et al., 2004 and Shen et al., 2006) and Yihewusu formations, in ascending order 
(Ding et al., 1985; Bureau of Geology and Mineral Resources of Nei Mongol 
Autonomous Region, 1991; 1996). The strata underlying the Baotege Formation are 
covered in the Zhesi area; however, the overlying strata above the Yihewusu 
Formation are Jurassic deposits (Ding et al., 1985; Shen et al., 2006). 
The Baotege Formation in the Zhesi area is 650-1500 m thick and composed 
mainly of conglomerate, coarse sandstone, slate, siltstone, metamorphosed crystalline 
limestone and limestone (Ding et al., 1985). The brachiopods in this formation 
include Yakovlevia unsinuata, Waagenoconcha humboldti, Anidanthus nasus and 
Marginifera gobiensis. The index species of Marginifera gobiensis suggests that the 
Baotege Formation may correlate to the Hovsugol and the Tsagan-Ula horizons in 
southeastern Mongolia (Appendix 1). According to Ding et al. (1985) and Wang and 
Zhang (2003), the age of this formation is Kungurian to Roadian based on faunas, 
such as fusulinids, ammonoids and brachiopods. 
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The Zhesi Formation, about 555 m thick, conformably overlies the Baotege 
Formation (Ding et al., 1985). Lithologically, this formation is composed mainly of 
siltstone, shale, sandstone and limestone. Fossils are extremely abundant in this 
formation, comprising many species of fusulinids, corals, ammonoids, bryozoans and 
brachiopods (Chao, 1927; Grabau, 1931; Lee and Gu, 1976; Ding et al., 1985; Wang 
and Zhang, 2003). According to Chao (1927), Grabau (1931), Lee and Gu (1976), 
Ding et al. (1985) and Wang and Zhang (2003). Main brachiopods in this formation 
are: Rhombospirifer zhesiensis, Kochiproductus cf. porrectus, K. maximus, K. sp., 
Anidanthus graciosa, A. kolymaensis, A. ussuricus, A. nasus, A. sp., Yakovlevia aff. 
mammatiformis, Y. spinosa, Y. usualis,  Paramarginifera? peregrine, Spiriferella 
salteri, S. magna, S. neimongolensis, S. voluta, S. sp., Waagenoconcha sinuate, W. 
permocarbonica, W. sp., Marginifera gobiensis, M. typical var. septentrionalis, M. 
leptorugosa, Horridonia morrisi, Uncinunellina mongolicus, Gypospirifer volatilis, 
Neospirifer cf. ravana, N. sp., Orthotichia morgamiana, Stenoscisma margaritovi, 
Leptodus tenuis, L. richthofeni, Gypospirifer volatilis, Paeckelmanella quadriplicata 
and Kaninospirifer adpressum etc. Among these brachiopod species, twelve species 
also occur in the Tsagan-Ula Horizon of southeastern Mongolia; they are: 
Kochiproductus maximus, Anidanthus ussuricus, Yakovlevia mammatiformis, 
Paramarginifera peregrine, Waagenoconcha (Waagenochocha) permocarbonica, W. 
(W.) sp., Marginifera gobiensis, M. leptorugosa, Horridonia morrisi, Neospirifer sp., 
Kaninospirifer adpressum and Stenoscisma sp. (Appendix 1). The lower part of the 
Zhesi Formation is considered to be early Maokouan (early Wordian) by Ding et al. 
(1985, p. 35) based on correlations of its faunas with those of south China. This age 
assessment is in good agreement with the views of Leven et al. (2001, p. 452) and 
Manankov (1999, p. 57), who have both suggested an Ufimian – Kazanian (Wordian) 
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age for the Zhesi Formation. More recently, Wang et al. (2004) reported some sparse 
conodonts of Jinogongdolella aserrata (= Mesogondolella aserrata) from the upper 
part of the Zhesi Formation, also indicating a Wordian age. 
The conformably overlying Yihewusu Formation is 874 m thick (Ding et al., 
1985). The lower part of this formation is dominated by thick massive limestone, 
while its upper part is mainly composed of coarse sandstone, shale and limestone 
lenses. Fossils are widely reported in the upper part of this formation, the main groups 
of which are fusulinids, corals, ammonoids, bryozoans, bivalves and brachiopods 
(Ding et al., 1985; Leven et al., 2001; Wang and Zhang, 2003). Brachiopods reported 
from the upper part of this formation mainly include: Enteletes andrewsi, E. 
subglobus, E. obesa, E. cf. subobesa, E. sp., Streptorhynchus hippocripicus, S. 
undulatus, S. zhesiensis, S. semiconus, S. subcataclinus, S. sp., Echinauris jisuensis, 
Horridonia morrisi, Limbella granger, Richthofenia cornuformis, Uncinunellina 
mongolicus, U. ?biconvexa, Martinia osborni, M. mongolica, M. sinensis, M. 
orbicularis, M.  distefanoi, M. lingulata, M. mirabilis, Altiplectus unicus, A. 
mongolicus, Neospirifer yihewusuensis, N. rhombicus, Dielasma cf. itaitubensis, D. 
acutangulum var. minor, D. mongolicum, D. millepunctatum var. mongolicum, D. 
elongatum var. orientalis, Notothyris simplexoides, N. nucleolus, Hemiptychina 
quadrata, H. morrisi, H. homoplicata, H. mongolica, H. nana, H. episulcata, 
Orthotichia derbyi var. nana, O. morganiana, O. sp., Schizophoria tumor, Meekella cf. 
timanica, Leptodus richthofeni, Stenoscisma mutabilis, S. superstes, S. zhesiensis, S. 
purdoniformis, Squamularia cf. elegantula, Waagenoconcha humboldti, Cancrinella 
koninckiana, Athyris mongoliensis and Hustedia discroplicata etc. This list of species 
suggests that the brachiopods of the Yihewusu Formation are characterised by a 
mixture of both Boreal and Tethyan affinities (Shi et al., 1995), with a relatively 
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greater proportion of Tethyan elements. Moreover, many species also occur in the 
Solonker Horizon of southeastern Mongolia, notably inclduing: Streptorhynchus sp., 
Echinauris jisuensis, Horridonia morrisi, Neospirifer yihewusuensis, Hemiptychina 
morrisi, Stenoscisma purdoniformis, S. sp. and Cancrinella koninckiana (Appendix 1). 
The age of the Yihewusu Formation is considered to be Capitanian by Leven et al. 
(2001) based on the enclosed fusulinid assemblage and their correlation with other 
similar faunas. This age determination is also consistent with the Wordian age given 
to the underlying Zhesi Formation using conodonts (Wang et al., 2004). 
Therefore, from the above discussion, it is evident that only part of the 
Baotege Formation in Inner Mongolia could be correlated to the Hovsugol Horizon of 
the Hovsugol Section, while the brachiopod faunas from the Zhesi and Yihewusu 
formations are obviously well correlated to the brachiopods from the Tsagan-Ula and 
Solonker horizons in southeastern Mongolia (Table 4.3). 
 
4.3.2.3  Xiujimqinqi area 
The Permian strata in the Xiuqimqinqi area (Figure 4.5) comprise, in 
ascending order, the Gegenaobao, Xiujimqinqi and Linxi formations (Bureau of 
Geology and Mineral Resources of Nei Mongol Autonomous Region, 1991; 1996; Jin 
et al., 2000). The Gegenaobao Formation is more than 1300 m thick, and is composed 
mainly of volcanics, volcaniclastics with small amount of carbonate rocks and 
calcareous sandstone. Both marine and non-marine fossils have been reported from 
this formation, but brachiopods are most common and mainly include species of 
Jakutoproductus sp., Streptorhynchus anomalus, Licharewia neosibirica and 
Gegenella gegenensis. Based on the brachiopods, Shi et al. (2002) suggested that the 
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age of the Gegenaobao Formation could range from Artinskian (Early Permian) to 
Roadian (Middle Permian). 
The Gegenaobao Formation in the Xiujimqinqi area is conformably overlain 
by the Xiujimqinqi Formation, which is more than 2200 m thick, and composed 
mainly of andesite in the lower part, bioclastic limestone and mudstone in the middle 
part and siltstone in the upper part. Brachiopods occur throughout the formation and 
have been studied by many authors, such as Lee et al. (1982; 1983; 1985), Liu and 
Waterhouse (1985) and Shi et al. (2002). The main species include Anemonaria 
sublaevis, Cancrinella? cancrini, Compressoproductus corniformis, Spiriferella 
keilhavii, S. persaranae, S. rajah, S. salteri, S. persaranaeana, Kaninospirifer 
adpressum, K. sp., Waagenoconcha xiujimqinqiensis, Kochiproductus porrectus, K. 
aff. sinensis, Magniplicatina sp., Yakovlevia mammatiformatis, Y. borealis, Y. 
convexus, Stenoscisma cf. paucisulcata, S. cf. timorense, S. ovalia, Camerisma 
rhomboidea, Elivina sinensis, Kitakamithyris ovata, Strophalosia pulchra, Licharewia 
multiplicata, Attenuatella xiujimqinqiensis etc. Lee et al. (1982; 1983; 1985) and Liu 
and Waterhouse (1985) recognised several different brachiopod assemblages for the 
brachiopod fauna from the Xiujimqinqi Formation, and assigned the fauna and 
formation to the Wordian to Capitanian (see also Shi et al., 2002a). Overall, the 
brachiopods of the Xiujimqinqi Formation share many species with those from the 
Zhesi and Yihewusu formations in Zhesi area, as well as those from the Tsagan-Ula to 
Solonker horizons in southeastern Mongolia, such as Kaninospirifer adpressum, 
Anidanthus ussuricus, Cancrinella cancriniformis, C. koninckiana, C. pseudotruncata, 
Leptodus nobilis, Linoproductus lutkewitschi, Magiplicatina sp., Marginifera 
gobiensis, Megousia aagardi, Neospirifer sp., Phricodothyris sp., Rhynchopora 
lobjaensis, Spiriferella keilhavii, Stenoscisma timorense, S. sp. and Yakovlevia 
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mammatiformatis, thus pointing to a strong mutual correlation among the faunas and 
units (Appendix 1; Table 4.3). 
The Xiujimqinqi Formation is overlain by the Linxi Formation, a unit that is 
composed mainly of sandstone, conglomerate and shale, and contains non-marine 
bivalves and plants. The age of this formation is considered Late Permian (Lopingian) 
(Bureau of Geology and Mineral Resources of Nei Mongol Autonomous Region, 
1991; Jin et al., 2000; Shi et al., 2002a). 
 
4.3.2.4  Dongujimqinqi area 
Marine Permian deposites in the Dongujimqinqi area are mostly referred to the 
Gegenaobao Formation (= Yanchibeishan Formation of Tazawa et al., 2001), which 
consists mainly of calcareous sandstone, siltstone and conglomerate interbedded with 
some limestone beds (Bureau of Geology and Mineral Resources of Nei Mongol 
Autonomous Region, 1991; Tazawa et al., 2001). A small brachiopod fauna including 
Kochiproductus sp., Linoproductus simensis, Rhynchopora inconstantis and 
Licharewia grewingki was described by Tazawa et al. (2001). According to Tazawa et 
al. (2001), this small brachiopod fauna is an early Middle Permian Boreal-type fauna. 
Unfortunately, up to this study, there is no shared brachiopod species between the 
Dongujimqinqi area and the southeastern Mongolia. However, the two places share 
the common genera of Kochiproductus, Linoproductus and Rhynchopora, suggesting 
a broad correlation. 
 
4.3.3  South Primorye of Russian Far East 
The South Primorye area of Russian Far East (Figure 4.5) has been well noted 
as a significant area for studying both marine and terrestrial Permian deposits as the 
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sections are well exposed and have been extensively documented (Chernysh and 
Kiseleva, 1971; Burago et al., 1974; Nikitina, 1974; Kiseleva, 1982; 1986; Vuks and 
Chedija, 1986; Zakharov and Pavlov, 1986; Khanchuk, 1992; Belayeva et al., 1997; 
Zakharov et al., 1997; 1999; Licharew and Kotljar, 1978; Kotljar et al., 1990; 2003; 
2006). 
According to Licharew and Kotljar (1978) and Kotljar et al. (2003; 2006), the 
Permian in South Primorye can be subdivided into five horizons in a regional 
stratigraphic scale, they are: Dunay, Abrek, Vladivostok, Chandalaz and Lyudyanza 
horizons, in ascending order. The Dunay Horizon is composed mainly of volcanics, 
volcanic breecia, conglomerates, sandstones, siltstones and tuffites, with a total 
thickness ranging between 1100 m and 3500 m (Kotljar et al., 2006). Plant fossils are 
locally abundant and mostly found in the upper part of the horizon. The age of this 
horizon is considered to be Sakmarian-Kungurian based on the correlation of floras 
with those of the Kuznetsk Basin in southern Siberia (Kotljar et al., 2006). 
The overlying Abrek Horizon is widely distributed in South Primorye, 
characterised by deposits of continental to shallow marine facies. The lower part of 
this horizon contains abundant plant fossils which can be correlated to the Kungurian-
aged Ayachyaga Formation of the Pechora Basin (Kotljar et al., 2006). The middle 
part of this horizon has yielded both plant and marine invertebrate fossils. Among the 
marine fossils, brachiopods are common and have been assigned to the Primorewia 
reshetnikovi─Ingelarella atlanichus assemblage, containing: Rhynchopora variabilis, 
R. nikitini, Rhynoleichus subglobosus, Primorewia reshetnikovi, Fusispirifer exgr. 
nitiensis, Ingelarella atlanichus, Spirelytha sp. and Cleiothyridina sp. This 
brachiopod assemblage can be correlated with the Hovsugol Horizon of southeastern 
Mongolia described in this thesis, as both share Rhynchopora nikitini, Primorewia 
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reshetnikovi, Ingelarella atlanichus and Cleiothyridina sp. Directly associated with 
this brachiopod assemblage is the ammonoid Epijuresanites pilnikovensis (Zakharov 
et al., 1999). Both the brachiopod and ammonoid faunas indicate a Kungurian age by 
comparison with the Kolyma-Omolon and Pai-Khoy regions (Kotljar et al., 2004). 
Recently, Shi (2006, p.188) further pointed out that the ammonoid E. pilnikovensis 
has a wide correlation value for many Permian strata across East and Northeast Asia, 
including the Hovsugol Horizon in southeastern Mongolia, the Tumarian Horizon of 
the Verkhoyan Mountains and the Dzhigdalinian Horizon of the Kolyma-Omolon 
Terrane in northeast Russia. The upper part of the Abrek Horizon is apparently of 
continental origin because of its plant fossils, and has been considered to be Ufimian 
in age (Kotljar et al., 2006). 
The Vladivostok Horizon is composed of volcanic rocks, volcaniclastic and 
siliciclastic sediments of nearshore and continental origin (Burago, 1990; Kotljar et al., 
2006). The fossils of this horizon are bryozoans, ammonoids, brachiopods and plants. 
The brachiopods include: Yakovlevia mammata, Waagenoconcha angustata, W. sp., 
Liosotella decimena, Rhynchopora tcheryshae, Spiriferella keilhaviformis, S. salteri, 
Kaninospirifer adpressum, K. kaninensis, K. stepanovi, Rhombospirifer zhesiensis, 
Blasispirifer reedi and Alispiriferella lita (Kotljar et al., 2006; Shi, 2006; the author 
was involved in the systematic study of Prof. Guang Shi‘s collection of brachiopod 
specimens from this horizon collected in 2000). These brachiopods are directly 
correlated with the Liosotella decimana–Waagenoconcha angustata assemblage of 
the Tsagan-Ula Horizon in southeastern Mongolia as they share the zonal species of 
Waagenoconcha angustata, W. sp., Liosotella decimena, Spiriferella keilhaviformis, 
Kaninospirifer adpressum and Alispiriferella lita (Appendix 1; Table 4.3). The age of 
this horizon is indicated by ammonoids Daubichites orientalis and Roadoceras 
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subroadense (Zakharov and Pavlov, 1986), of Roadian to Wordian (Kotljar et al., 
2006). 
The Vladivostok Horizon is conformably overlain by the Chandalaz Horizon, 
which is characterised by carbonate rocks, siliciclastic and volcaniclastic rocks. The 
fossils of this horizon are diverse and abundant. Three fusulinid zones, respective 
Monodiexodina sutchanica-Metadoliolina dutkevitchi Zone, Parafusulina stricta 
Zone and the Metadoliolina lepida-Lepdoliolina kumanensis Zone in ascending order, 
are known from the lower to upper parts of this horizon (Licharew and Kotljar, 1978). 
The age of the Monodiexodina sutchanica-Metadoliolina dutkevitchi Zone is 
generally considered to be Wordian (Midian) based on not only the Midian fusulinids, 
but also on the associated presence of conodont Jinogondolella asserrata (now 
changed to Mesogondolella asserrata) (Kotljar et al., 2003). Other fossil groups 
associated with this fusulinid zone are bryozoans and brachiopods. Brachiopods are 
assigned to the Substriatifera vladivostokensis assemblage, common elements of 
which include: Yakovlevia mammatiformis, Y. kaluzinensis, Wimanoconcha 
maliavkini, W. krishtofovichi, Kochiproductus porrectus, Liosotella mongugaensis, 
Substriatifera vladivostokensis, Compressoproductus corniformis, Leptodus nobilis, L. 
kaluzinensis, Spiriferella salteri, Transennatia gratiosa, Megousia sp., Anidanthus 
ussuricus, Derbyia grandis, Waagenites artemovskensis and Alispiriferella lita 
(Licharew and Kotljar, 1978; author‘s personal study of this fauna based on the 
collection by Prof. Guang Shi from South Primorye). The Parafusulina stricta Zone is 
charcaterised by the first appearance of Lepidolina, together with abundant 
Parafusulina, Chusenella, Yabeina and rare Monodiexodina (Kotljar et al., 2006). The 
associated brachiopods are the Leptodus nobilis-Spiriferella rajah assemblage, which 
mainly contains the species of Kiangsiella sp., Tyloplecta sp., Haydenella sp., 
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Bathymyonia sp., Collemataria sp., Leptodus nobilis, Spiriferella rajah, 
Spinomarginifera sp., Echinauris sp., Costiferina sp. and Transennatia sp. (Kotljar et 
al., 2003). The age of the Parafusulina stricta Zone is well constrained by associated 
Capitanian ammonoid Timorites markevichi (Kotljar et al., 1999) and conodonts 
Mesogondolella cf. bitteri and M. postserrata (Kotljar et al., 2003). The upper part of 
the Chandalaz Horizon contains a highly diverse marine fossil assemblage, 
characterised by the fusulinid Metadoliolina lepida-Lepdoliolina kumanensis Zone 
and the brachiopod Prorichthofenia ussurica Zone (Licharew and Kotljar, 1978), both 
of which have a distinctive increase of warm-water Cathaysian elements. According 
to Licharew and Kotljar (1978) and Kotljar et al. (2006), the common brachiopod 
genera of the Prorichthofenia ussurica Zone are: Enteletes, Spinomarginifera, 
Haydenella, Transennatia, Tyloplecta, Leptodus, Collemataria, Richthofenia, 
Prorichthofenia, Cyrolexis, Hustedia, Hemiptychina, Permicola, Martinia, 
Rostranteris and Praeangustothyris. Therefore, the brachiopod assemblages of 
Leptodus nobilis-Spiriferella rajah and Prorichthofenia ussurica are strikingly similar 
to the Richthofenia cornuformis-Enteletes andrewsi-Notothyris nucleolus Zone (Wang 
and Zhang, 2003) of the Yihewusu Formation in Zhesi area, or the Echinauris 
jisurensis Assemblage of the Solonker Horizon in southeastern Mongolia as they all 
share the common species of Yakovlevia mammatiformis, Y. kaluzinensis, Leptodus 
nobilis, Anidanthus ussuricus and Alispiriferella lita (Appendix 1; Table 4.3). 
The Lyudyanza Horizon is the highest Permian succession in South Primorye, 
and it bears rocks of both marine and continental facies. The marine deposits in the 
lower part of the horizon contain fossils of foraminifers, corals, brachiopods and 
bryozoans (Belayeva et al., 1997). The brachiopods are dominated by warm-water 
elements similar to those of the Wuchiapingian in South China, such as Anidanthus 
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sinosus, Chengxianoproductus nachodkensis, Edriosteges poyangensis, Peltichia 
nachodkensis and Permophricodothyris grandis (Kotljar et al., 1989). The other 
associated fossils of the lower part (such as ammonoid Cyclolobus kiselevae, fusulinid 
Codonofusiella kwangsiana and conodont Clarkina ex. gr. orientalis) also indicate a 
Wuchiapingian age (Kotljar et al., 2006). The upper part of the Lyudyanza Horizon is 
mainly composed of marine fossils of ammonoids, brachiopods and conodonts, and 
terrestrial plant fossils, all of which suggest a Changhsingian age (Vuks and Chedija, 
1986; Zakharov and Pavlov, 1986; Zakharov et al., 1995; 1997; Kotljar et al., 2006). 
 
4.3.4  Japan 
The Permian deposits are widely distributed throughout Japan (Minato et al., 
1978). According to Tazawa (1991; 1998; 2001a; 2002) and Shi (2006), the Permian 
rocks in Japan are largely divided into three categories based on their different 
tectonic settings or depositional environments: continental margins or microcontinents, 
such as the South Kitakami Belt, the Hida Gaien Belt and the Kurosegawa Belt; 
seamount settings, such as the Akiyoshi Terrane and Mino Terrane; and continental 
slope to ocean trench settings of the Maizuru Belt. The faunas from the first category 
typify a transitional biogeographical zone between the Boreal Realm to the north and 
the Palaeoequatorial Realm to the south, as defined and discussed by Shi et al. (1995). 
Brachiopods from the South Kitakami and the Hida Gaien belts are widely reported 
and well studied. Therefore, in this thesis, the South Kitakami and Hida Gaien belts 
are selected to correlate the marine Permian between southeastern Mongolia and those 
of equivalents in Japan. 
 
4.3.4.1  South Kitakami Belt 
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The South Kitakami Belt (Figure 4.5) represents one of the best geologically 
investigated areas in East Asia, and its Permian stratigraphy and biostratigraphy have 
been well documented. The Permian rocks in the South Kitakami Belt are divided into 
three series, namely the Sakamotozawa (Lower Permian), Kanokura (Middle Permian) 
and Toyoma (Upper Permian) in ascending order (Tazawa, 1973; 1974a; 1976; 
Kimura, 1991; Tazawa and Ibaraki, 2001; Tazawa and Shintani, 2010). The 
Sakamotozawa series is represented by the Sakamotozawa Formation, which 
unconformably overlies the Carboniferous strata (Minato, 1942) and is mainly 
composed of sandstone, mudstone, conglomerate and limestone. Choi (1972; 1973) 
reported the fusulinid Robustoschwagerina schellwieni, Chalaroschwagerina vulgaris, 
Triticites matsumotoi and Pseudofusulina fusiformis zones from the limestone beds of 
the Sakamotozawa Formation. Based on the fusulinid biostratigraphy, the age of the 
Sakamotozawa Formation is considered to be Asselian to Kungurian (Choi, 1972; 
1973; Kimura, 1991). 
Brachiopods reported from the Sakamotozawa Formation are Waagenoconcha 
humboldti, W. asiatica, Phricodothyris sp., Avonia echidniformis, Juresania 
juresanensis, Mesolobus mesolobus, Dictyoclostus yohi, D. cfr. inflatiformis var. 
expansus, D. grabaui, D. sp., D. taiyuanfuensis var. loczyi, Chaoiella gruenewaldti, 
Orthotetina sp., Orthotetes callytharrensis, Meekella mexicana, Schuchertella sp., 
Streptorhynchus sp., Derbyia sp., Magniderbyia sp., Rhynchopora sp. and 
Scacchinella sp. (Nakamura, 1959; 1960; 1972; Tazawa, 1974b; Tazawa and Shintani, 
2010). At first glance, this brachiopod fauna from the Sakamotozawa series does not 
appear to share much with the brachiopod fauna from the Hovsugol area at species 
level. The two places nevertheless contain relatively abundant occurrences of 
Orthotetes, Streptorhynchus, Rhynchopora and Phricodothyris, hence suggesting a 
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degree of correlation. On the other hand, the author of this thesis notes that 40 species 
in 26 gerena mentioned by Tazawa and Shintani (2010) from the lowest part of the 
Sakamotozawa Formation are still undescribed. This may have also contributed to the 
apparent difference in species composition between the Sakamotozawa series and the 
Hovsugol Horizon. 
Similarly, the Kanokura Series is represented by the Kanokura Formation, 
unconformably overlying the Sakamotozawa Formation (Tazawa, 1974a; 1976; 
Tazawa and Ibaraki, 2001). The Kanokura Series is further divided into the 
Kattisawan Stage in the lower part and the Iwaizakian Stage in the upper part. 
Lithologically, the Kattisawan Stage is mainly composed of sandstone, mudstone, 
argillaceous limestone and conglomerate, and the Iwaizakian Stage is predominantly 
characterised by limestone. The Kanokura Series contains abundant faunas, such as 
fusulinids, brachiopods, bivalves, corals and ammonoids. Two fusulinid zones are 
known from this series: Monodiexodina sutchanica Zone of Wordian age and 
Lepidolina multiseptata Zone of Capitanian age (Minato et al., 1954; Tazawa, 1976; 
Ueno, 2006). Brachiopods are rich in the Kanokura Formation and have been well 
documented (Tazawa, 1987; 1991; 1998; 1999a; 2000a; 2001a; 2002; 2007; Tazawa 
and Ibaraki, 2001; Tazawa et al., 2000). The main elements of the Kanokura 
brachiopod fauna are: Derbyia, Waagenites, Yakovlevia, Megousia, Kochiproductus, 
Waagenoconcha, Cancrinella, Stenoscisma, Rhynchopora, Neospirifer, Spiriferella, 
Rhipidomella, Meekella, Geyerella, Orthothetina, Edriosteges, Capillomesolobus, 
Spinomarginifera, Transennatia, Tyloplecta, Compressoproductus, Permundaria, 
Urushtenoidea, Richthofenia, Leptodus and Permianella. These brachiopods as a 
whole share many species with the brachiopod faunas of the upper part of the Tsagan-
Ula and Solonker horizons of southeastern Mongolia, the Zhesi and Yihewusu 
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formations of the Zhesi area in Inner Mongolia, and the Chandalaz Horizon of South 
Primorye (Table 4.3). Key shared species include: Alispiriferella lita, Cancrinella sp., 
Cleiothyridina subexpans, Compressoproductus compressus, Derbyia grandis, 
Leptodus nobilis, Martinia sp., Rhynchopora tcheryshae, Stenoscisma margaritovi, 
Transennatia gratiosa, Waagenoconcha sp., W. imperfecta, Yakovlevia 
mammatiformis and Y. mammata (Appendix 1). Like its correlative faunas in North 
China and southeastern Mongolia, another obvious feature of the Kanokura 
brachiopod fauna is its mixed composition of cool-water Boreal or bipolar brachiopod 
elements, the former including Yakovlevia, Kochiproductus, Spiriferella, and 
Waagenites, and the latter comprising Richthofenia, Leptodus, Meekella and 
Spinomarginifera. 
The Toyoma Series, typified by the Toyoma Formation, is mainly composed 
of black mudstone, shale, conglomerate and sandstone (Tazawa, 1975; Tazawa and 
Ibaraki, 2001). This formation conformably overlies the Kanokura Formation and 
contains some fossils, such as ammonoids Xenodiscus cf. carbonarius, Timorites 
intermedium, Araxoceras cf. rotoides, Cyclolobus sp. and Paratirolites? sp. (Ehiro, 
1998), brachiopods Eolyttonia cf. nkazawai, Megousia nakamurai, Tschernyschewia 
typica and Paramarginifera japonica, and foraminiferal Colaniella parva (Tazawa, 
1975). All of those faunas indicate that the age of the Toyoma Formation is 
Wuchiapingian to Changhsingian (Tazawa, 1975; Ehiro, 1998). Notably, there are no 
shared brachiopod species between the Toyoma Series of South Kitakami Belt and 
any of the southeastern Mongolian brachiopod faunas describd in this thesis. 
 
4.3.4.2  Hida Gaien Belt 
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The Permian in the Hida Gaien Belt in soutwest Japan is represented by the 
Moribu Formation, which unconformably overlies the Lower to Upper Carboniferous 
Arakigawa Formation and is in turn unconformably overlain by the Upper 
Cretaceous-Palaeogene volcanic rocks (Tazawa, 2001b). This formation is more than 
1430 m in total thickness and is composed mainly of sandstone, shale, conglomerate 
and some limestone intercalations. Marine fossils are common, such as fusulinids, 
corals, bryozoans, brachiopods, bivalves, gastropods, crinoids and radiolarians, but 
these fossils are confined to the lower and middle members of the formation (Tazawa, 
2001b). The brachiopod fauna is composed of 29 species in 27 genera from the lower 
member of the formation, including: Orbiculoidea cf. jangarensis, Capillomesolobus 
sp., Transennatia gratiosa, Yakovlevia kaluzinensis, Reticulatia sp., Juresania cf. 
juresanensis, Waagenoconcha permocarbonica, W. cf. imperfecta, Linoproductus 
lineatus, Megousia sp., Cancrinella cf. spinosa, Fallaxoproductus moribuensis, 
Permundaria asiatica, Urushtenoidea crenulata, Leptodus nobilis, Derbyia sp., 
Enteletes sp., Stenoscisma margaritovi, Rhynchopora sp., Hustedia ratburiensis, 
Martinia sp., Martiniopsis sp., Neospirifer cf. fasciger, Blasispirifer cf. reedi, 
Gypospirifer volatilis, Alispiriferella lita, A. ordinaria,  A. japonica and Dielasma sp. 
(Tazawa, 2000b; 2001b; 2007; Shi and Tazawa, 2001). The age of the Moribu 
Formation is considered to be Murgabian to Midian (Wordian to Capitanian) based on 
both brachiopods (Tazawa, 2001b) and associated fusulinid Monodiexodina species 
(Ueno and Tazawa, 2004; Niwa et al., 2004; Ueno, 2006). The brachiopod fauna from 
the Moribu Formation is very similar to those from the lower Kanokura Series of the 
South Kitakami Belt, and to a regional scale, could be correlated with that of the 
Chandalaz Horizon of South Primorye, the Zhesi Formation of the Zhesi area in Inner 
Mongolia and the upper part of the Tsagan-Ula Horizon of southeastern Mongolia 
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with a significant number of shared brachiopod species (e.g.,  Alispiriferella lita, 
Blasispirifer reedi, Derbyia sp., Leptodus nobilis, Linoproductus lineatus, Martinia 
sp., Megousia sp., Rhynchopora tscheryshae, R. sp., Stenoscisma margaritovi, 
Transennatia gratiosa and Yakovlevia kaluzinensis) (Appendix 1; Table 4.3). 
 
4.3.5 Other areas of East Asia 
The brachiopod faunas of southeastern Mongolia are very different from those 
of the Transbaikal region, central-northeastern Mongolia and Khabarovsk of Russian 
Far East (Figure 4.5) in East Asia, as these three areas are mainly of Boreal type. For 
example, the Permian (mainly Cisuralian-Guadalupian) brachiopods reported from 
Transbaikal are Jakutoproductus zabaikalicus, Anidanthus halinae, A. boikovi, 
Tomiopsis laevis, Costatumulus sidorkini, Olgerdia ganelini, O. zavodowskii, 
Rhynchopora lobjaense, Terrakea sp., Magadania bajkurica, M. modotonensis, 
Cancrinelloides obrutchewi, C. cf. curvatus, C. licharewi, Neospirifer subfasciger, N. 
cf. moosakhailensis, Bajtugania boguchanica, Megousia zabaicalica, Cleiothyridina 
cf. nikolaevi, Crassispirifer cf. monumentalis, Penzhinella micluchomanclayi and 
Attenuatella olexivi etc. (Kotljar et al., 2002). Similarly, the Permian (Cisuralian-
Guadalupian) brachiopods reported from central-northeastern Mongolia are also 
chacaterised by typical Boreal forms, includiung: Jakutoproductus adatsagensis, J. 
ganelini (see Fig. 3.4, for examples of these two species we collected during our 2005 
field trip), Lanipustula baikalensis, Anidanthus halinae, Tomiopsis laevis, 
Costatumulus sidorkini, Mongolochonetes sp., Neospirifer kedonensis, N. invisus, 
Magadania modotonensis, Cancrinelloides obrutchewi, C. licharewi, Baitugania 
duseevi, Kiangsiella sp., Orthotetes afanasjevae, Adatsagochonetes mongolicus, 
Brachythyrina sp., Mongousia spinea, Tumarinia ganelini and T. zavodowskyi etc. 
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(Manankov, 2002; 2004; 2008; 2012; Afanasjeva et al., 2003). Thus, it is clear that 
the brachiopods from southeastern Mongolia do not share many species with any of 
the Transbaikal region, northeastern Mongolia and Khabarovsk of Russian Far East. 
As will be discussed in Chapter 5, the faunas from these three areas are different to 
those of southeastern Mongolia and North China because they belong to a different 
faunal province (Verkolyman Province) (Shi, 2006). On the other hand, as listed 
above, the Transbaikal region and central-northeastern Mongolia share many 
brachiopod species between them, such as Anidanthus halinae, Tomiopsis laevis, 
Costatumulus sidorkini, Magadania modotonensis, Cancrinelloides obrutchewi and C. 
licharewi. This indicates that they together belong to the same faunal province of 
strong Boreal affinities (Shi, 2006; Kotljar et al., 2006). 
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CHAPTER 5: PALAEOGEOGRAPHICAL AND 
PALAEOBIOGEOGRAPHICAL IMPLICATIONS 
 
Palaeogeography is the study of the ancient geographical environments of the 
Earth‘s surface as preserved in the stratigraphic record. It includes a reconstruction of 
the presumed geography, especially the relative positions of land and water, at some 
particular period in the Earth‘s history (Van der Voo, 1988). The reconstructions of 
prehistoric continents and oceans depend very much on palaeogeographical evidence. 
Fossils are one of the most important sources of information to reconstruct the 
locations of continents and oceans during geological times (Briggs, 1995; Windley, 
1995), and the study of this information is palaeobiogeography, which is mainly 
concerned with the distribution and evolution of species in space and time (Brown 
and Gibson, 1983; Shi, 2001). Here in this chapter, the hierarchy of such 
palaeobiogeographical units as realm, region and province, are used, following Yin 
(1994) and Shi (1998; 2006). A realm is the largest level in palaeobiogeographical 
classification, which may be further subdivided into regions. A biogeographical 
province is the third level unit of palaeobiogeography, being a subordinate unit within 
the second-tier biogeographical unit (region). 
 
5.1  Recognition of a mixed cold- and warm-water Permian marine fauna in 
southeastern Mongolia 
Biogeographically intermediate or mixed faunal affinities of both the cold-
water Boreal realm and warm-water Tethys realm in the marine Permian sedimentary 
basins of East and Northeast Asia have been recognized by many geologists 
(Ustritsky, 1963; Liang, 1981; Zhu, 1983; Zhan and Lee, 1977; 1979; 1984; Ding et 
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al., 1985; Huang and Chen, 1987; Pavlova et al., 1991; Yin, 1988; 1994; Manankov, 
1998b; 1999; 2002; 2012; Shi et al., 1995; 2002a; 2003; Shi and Zhan, 1996; Shi, 
2000; 2006; Wang and Zhang, 2003; Kotljar et al., 2003; 2006). The biogeographical 
transitional nature of the Permian Sino-Mongolian seaway in the study area was 
documented by Shi et al. (1995).  Later, Shi, at an International Symposium on the 
Upper Permian Stratotypes of the Volga Region held in Russia in 1998, proposed the 
concept of 'biostratigraphical gateway' by suggesting that Permian marine faunas with 
mixed cold- and warm-water affinities could be used effectively as a 'bridge' to 
correlate high-latitude cold-water faunas with those of warm-water tropical faunas 
(see Shi and Archbold, 1999; Shi, 2006). As discussed by Shi et al. (1995), there 
existed two broad transitional biogeographical zones in the present-day Asia region, 
which they named the ‗Southern Transitional Zone‘ and ‗Northern Transitional Zone‘, 
respectively. The southeastern Mongolia faunas discussed in this thesis are part of the 
Northern Transitional Zone, which also includes some other parts of East Asia (see 
Shi, 2006, for details). 
 
5.1.1  Biogeographical features of the Hovsugol brachiopod fauna 
The brachiopod fauna from the Hovsugol area includes some 20 characteristic 
Boreal brachiopod species (Fig. 5.1): Dyoros (Dyoros) borealis, D. (D.) grandis, D. 
(D.) cf. pseudotrapezoidalis, Uraloproductus stuckenbergianus, U. bilobatus, 
Linoproductus lutkewitschi, Spitzbergenia ogonerensis, Orthotetes jugorica, 
Arctitreta kempei, Rhynoleichus delenjaensis, Callaiapsida arctica, Cleiothyridina 
bajkurica, Tiramnia greenlandica, Neospirifer koargychanensis, Spiriferella ovata, S. 
keilhaviiformis, S. keilhavii, S. praesaranae, Alispiriferella lita and Primorewia 
reshetnikov.  
97  
 The relatively large number of endemic species (species only found in 
Hovsugol area), 15 in total or 27% (Fig. 5.1), is a significant feature of the Hovsugol 
brachiopod fauna. They include: Dyoros (Dyoros) semicircularis, D.(D.) 
magniconvexus nov. sp., Dyoros (Lissosia) planiminisculus nov. sp., Paramarginifera 
nativa, P. pentagona nov. sp., P. convexa nov. sp., P. sulcata nov. sp., Linoproductus 
planiconvexus nov. sp., Magniplicatina khubsugulensis, Heteralosia alexandrae, 
Camerisma lazarevi, Jilinmartinia hovsugolensis nov. sp., J. medius nov. sp., 
Spiriferella mugunica and Paeckelmanella latissima. 
 Additionally, from the same fauna there are some species whose distribution is 
characterised by occurrence restricted to mid- to high Permian latitude areas. This 
pattern of distribution has been previously recognised by Shi and Grunt (2000) as a 
form of antitropicality (as known as bipolarity in some other biogeophical literature, 
see Shi and Grunt, 2000 for discussion on use of terminology). The following species 
of the Hovsugol brachiopod fauna demonstrate antitropical distribution: Megousia 
aagardi, Magniplicatina undulate, M. transversa, Ingelarella atlanicha, I. plana, 
Paeckelmanella expansa, Phricodothyris suborbicularis and Spirelytha fredericksi. 
 There are relatively few species showing wide geographical distributions, 
notable examples including: Dyoros (Dyoros) extensiformis, Cancrinella 
cancriniformis, C. pseudotruncata, C. koninckiana, Streptorhynchus sp., Stenoscisma 
biplicatum and Rhynchopora nikitini (More comments on the detailed distribution of 
each species are also given in chapters with systematic descriptions). Significantly, 
we note the absence of typical Asian Tethyan or Cathaysian species in the Hovsugol 
brachiopod fauna. 
From the above analysis, it is easy to see that the brachiopods from the 
Hovsugol area are dominated by cold-water Boreal and endemic components (Figure 
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5.1). Although there are small amount of antitropical and widely distributed 
brachiopod species, but overall it is a fauna dominated by high-latitude Boreal forms 
with little or no warm-water elements. This would suggest that southeastern 
Mongolian during Kungurian times, was mainly influenced by cool-water temperate 
climate conditions, which favoured the invasion and inhabitation of higher-latitude 
cool- to cold-water faunas. 
 
 
 
5.1.2  Biogeographical features of the Dzhirem-Ula brachiopod fauna 
The brachiopod fauna from the Dzhirem-Ula area also include some 
characteristic Boreal brachiopod species (Figure 5.2): Yakovlevia mammatiformis, Y. 
kaluzinensis, Paramarginifera peregrina, Anemonaria sulankherensis, Liosotella 
decimana, Horridonia morrisi, Kochiproductus saranaeanus, Waagenoconcha 
(Waagenochocha) angustata, W. (W.) permocarbonica, Anidanthus ussuricus, A. 
sinuata, Arctitreta kempei, Rhynchopora tchernyshae, Neospirifer yihewusuensis, 
Kaninospirifer adpressum, Spiriferella keilhaviiformis and Alispiriferella lita.  
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Although significantly reduced in overall numbers, both categories of endemic 
(species only found in Dzhirem-Ula area) and antitropical species are still present. 
The former (endemic species) includes: Mongolochonetes inaequalis, Yakovlevia 
dzhiremulensis, Kochiproductus maximus, Waagenoconcha (Waagenochocha) 
impercepta, Wyndhamia tjuvaevi, Kaninospirifer incertiplicatus and Strophalosia 
kharaerdensis. Only one antitropical species, Globiella reshetovi, is found in the 
Dzhirem-Ula brachiopod fauna. Several species from the Dzhirem-Ula brachiopod 
fauna suggest world-wide distributions: Marginifera gobiensis, M. leptorugosa, 
Cancrinella koninckiana, Stenoscisma margaritovi, S. purdoniformis, Cleiothyridina 
subexpansa and Neospirifer fasciger. Significantly, we note the presence of four 
typical Asian Tethyan (Cathaysian) species in the fauna: Echinauris jisuensis, 
Leptodus nobilis, Poikilosakos cf. kamiyassensis and Streptorhynchus broilii. This is a 
significant biogeographical feature that is different to the older Hovsugol brachiopod 
fauna. 
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As a whole, the brachiopod fauna from the Dzhirem-Ula area exhibits 
apparent palaeobiogeographical transitional/mixed characters (Figure 5.2) between 
the high-palaeolatitude Boreal and palaeoequatorial faunas. This feature is consistent 
with coeval brachiopod faunas reported from the East Asian region including 
northeast China, parts of Japan and South Primorye of the Russian Far East (Tazawa, 
1991; Shi et al., 1995; Shi, 2006). All these faunas not only correlate in age but share 
a fundamental biogeographical feature, namely an admixture of Boreal-type 
brachiopod species with some warm-water Tethyan taxa. On the other hand, as 
already briefly noted above, the older Liosotella decimana-Waagenoconcha 
(Waagenochocha) angustata assemblage from the Dzhirem-Ula section is dominated 
by cold-water species, with few typical warm-water Tethyan species. This 
biogeographical signal probably corresponded to an interval of maximum cold-water 
faunal invasion from high-latitude northeast Asia (Verkhoyansk and Kolyma-Omolon 
regions in northeastern Russia) into southeastern Mongolia. Unlike the Liosotella 
decimana-Waagenoconcha (Waagenochocha) angustata assemblage (Roadian -
Wordian), the younger Echinauris jisuensis assemblage of Capitanian age in the 
Dzhirem-Ula section is characterised by the intermingling of both Boreal-type cold-
water/cool-water elements and warm-water Tethyan species. The presence of warm-
water species points to invasion of lower-latitude warm-water species into 
southeastern Mongolia during late Guadalupian. The palaeogeographical and 
palaeoclimatic significance of this invasion is discussed below. 
 
5.2  A brief note of Permian palaeogeography of  Central and East Asia 
There are a large number of small tectonic blocks between Siberia and Sino-
Korea (Figure 2.1). Some of these smaller blocks are thought to have been 
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geographically proximal to southeastern Mongolia during the Permian; they include 
Junggar, Turpan, Tarim, Qaidam, Qilian Mountains, Central Mongolia-Ergun Terrane 
and Bureya-Jiamusi Terrane. Shi (2006) has provided a detailed description of these 
blocks and reconstructed their respective possible palaeogeographical position during 
the Middle Permian. Here, some brief comments on the general palaeogeographical 
positions of these blocks are warranted  in order to provide a background to and a 
framework for the reconstruction of Permian marine palaeobiogeography of  East 
Asia in which southeastern Mongolia formed an integral and important part. 
By the late Cisuralian (Kungurian), the Junggar basin was largely a terrestrial 
basin, although its southern margin may have remained under marine conditions 
(Bureau of Geology and Mineral Resources of Xinjiang Uygur Autonomous Region, 
1993; Huang and Chen, 1987; Zhan, 2003). The late Cisuralian (Kungurian) to 
Guadalupian sedimentary strata in the Turpan Terrane consist of continental deposits 
with limited carbonate rocks (Bureau of Geology and Mineral Resources of Xinjiang 
Uygur Autonomous Region, 1993; Jin et al., 2000; Wartes et al., 2002). According to 
Yin (1988; 1994), Jin and Shang (2000), from the late Cisuralian, Tarim Basin had 
become continental, as were the Qaidam Basin and Qilian Mountains (ancient Qilian 
Mountains). By Cisuralian, the Central Mongolia-Ergun Terrane, according to 
Badarch et al. (2002) and Shi (2006), was located to the north of southeastern 
Mongolia, with its western end connected (accreted) to southern Siberia (Zorin, 1999; 
Lamb and Badarch, 2001; Badarch et al., 2002; Shi, 2006). A combined terrane of a 
collage of several smaller continental fragments, the Bureya-Jiamusi Terrane included 
the Songliao massif (Ren et al., 1999), Jiamusi massif (Tang et al., 1995) and Amuria 
(Zonenshain et al., 1990). This 'super-terrane' is thought to have located east of 
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southeastern Mongolia during the Permian, on the northern side of the Sino-
Mongolian seaway (basin) (Shi, 2006). 
 
5.3  Palaeogeographical and palaeobiogeographical reconstruction 
Many different Permian palaeogeographical reconstruction models for East 
and Northeast Asia are available in the literature (Shi, 2006, p. 198), but relatively 
few on Permian marine palaeobiogeography. Previously, a number of studies have 
noted the mixed biogeographical characters displayed by the southeastern Mongolian 
marine faunas (Pavlova et al., 1991; Manankov, 1998a; 1998b; 1999; 2012; 
Manankov et al., 2006; Yan and Yin, 2000; Hendrix and Davis, 2001; Yin et al., 2004; 
Xiao et al., 2005; Shi, 2006). This distinctive mixed biogeographical signal has been 
noted as a sharp contrast to the Permian marine faunas of central and northern 
Mongolia and beyond, which completely lack any warm-water elements. This 
biogeographical disconnection between southeast Mongolia and central-northern 
Mongolia has been interpreted to indicate complete geographical separation between 
the two areas (or blocks) during at least the early-middle Permian (Shi, 2006). In this 
scenario the marine basin in southeastern Mongolia is thought to have been connected 
to a large marine basin to the south, namely the Sino-Mongolian seaway, or Palaeo-
Asian Ocean in a much more broad sense, that also included much of northeastern 
China, southern part of Primorye in Far East Russia and also parts of Japan (Figure 
5.3; Figure 5.4). The Permian marine fauna of this, largely epicontinental, ocean was 
unique in some respects, among which, the most important was the mixing of both 
warm-water Tethys faunas and cold-water/cool-water Boreal faunas. In Figure 5.3 and 
Figure 5.4, the palaeolatitude and palaeolongitude positions of major tectonic blocks, 
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the movement directions of palaeocean current systems and the Permian marine 
biogeographical provinces are shown, following Shi (2006). 
 
 
Figure 5.3 Schematic reconstruction of Cisuralian to Guadalupian (Kungurian-Roadian; 
approximately 270 Ma) palaeogeography and marine palaeobiogeography of Central-East 
Asia (modified after Shi, 2006). Symbols for tectonic blocks are as follow: Ca, Jiangnan 
oldland (Southeastern China); Hg, Hida Gaien Belt (Terrane); Ic, Indo-China Block; Ir, Iran; 
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Jg, Junggar Block (massif); Kg, Kurosegawa Belt (Terrane); Ls, Lhasa Terrane; Me, Central 
Mongolia-Ergun Terrane; PNG, Papua New Guinea; Qd, Qaidam Terrane; Ql, Qilian 
Mountains; Qt, Qiangtang Terrane; SeM, southeastern Mongolia; Sg, Sanpan-Garze Block 
(fold belt); Sk, South Kitakami Belt; Sm, Simao Terrane; St, Shan-Thai Terrane; Tp, Turpan 
Terrane; Xk, Xingkai (Khanka) Terrane; Ws, West Sumatra. The question mark next to the 
arrow indicates a possible further southward intrusion of the northern cold-water ocean 
currents. The question marks between the Yangtze Block and Sino-Korea indicate a 
possibility of this area being shallow marine during the Middle Permian. The dash rectangular 
is enlarged in Figure 5.4. 
 
 As discussed in the previous chapter, the marine Permian of southeastern 
Mongolia and those adjacent areas of Beishan in northwest China, Zhesi and 
Xiujimqinqi in Inner Mongolia, South Primorye of Russian Far East and parts of 
Japan (e.g. South Kitakami) have similar sedimentary environments and 
palaeogeographical setting, strongly suggesting that they were all connected in both 
geographical and biogeographical sense, hence validating the concept of a united 
Sino-Mongolian seaway connecting all these localities/faunas (Figure 5.3; Figure 5.4). 
By Capitanian, as already mentioned, both of the Tarim Block and Qaidam-Qilian 
Mountains terranes may have moved or drifted geographically close enough to the 
Junggar Block and Turpan-Central Mongolia-Ergun terranes, to close, or at least 
partially close, the western end of the Sino-Mongolian seaway. 
 For most of Guadalupian (Middle Permian) times, the Sino-Mongolian seaway 
remained an epicontinental basin, judging from both sedimentary and 
palaeontological records (e.g., Manankov et al., 2006; Hermann et al. 2012). This was 
also a period during which the marine faunas throughout the basin everywhere 
demonstrated a mixture of both warm-water Tethyan (South China) forms and high-
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latitude Boreal cold-water species, pointing to active mingling in the same basin of 
both low-latitude sourced warm-water currents with those generated in higher 
latitudes (Figure 5.4). 
 By the end of Guadalupian, the Sino-Mongolian seaway is believed to have 
been completely closed, heralding the final stage of tectonic and palaeogeographical 
amalgamation of the Sino-Korean Platform with Siberia and Central Asian blocks. 
The closure of the marine basin is clearly indicated by the replacement of mixed 
Middle Permian marine faunas (mainly brachiopod fauna) to terrestrial floras in 
southeastern Mongolia, as well as in Beishan (northwest China), Zhesi (Inner 
Mongolia), and South Primorye (Far East Russia) (see Shi and Zhan, 1996). 
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Figure 5.4 Palaeogeographical and palaeobiogeographical reconstruction of Central-East Asia 
during the Cisuralian-Guadalupian (Kungurian-Roadian; approximately 270 Ma) (base map 
after Shi, 2006). Symbols for tectonic blocks are as follow: Hg, Hida Gaien Belt (Terrane); 
Kg, Kurosegawa Belt (Terrane); Me, Central Mongolia-Ergun Terrane; Qd, Qaidam Terrane; 
Ql, Qilian Mountains; SeM, southeastern Mongolia; Sk, South Kitakami Belt; Tp, Turpan 
Terrane; Xk, Xingkai (Khanka) Terrane. The question mark next to the arrow indicates a 
possible further southward intrusion of the northern cold-water ocean currents. 
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CHAPTER 6: CONCLUSIONS 
 
This thesis studied marine Permian sedimentary successions (sections) and 
their associated faunas from southeastern Mongolia, with a focus on the brachiopod 
fauna. All Permian marine stratigraphical sections previously from southeastern 
Mongolia have been reviewed, with a focus on three sections we investigated in detail 
in the field in 2005. Thousands of brachiopod specimens collected from two of these 
sections, the Hovsugol and Dzhirem-Ula sections, have been examined and 
systematically described with full illustrations. This chapter provides a concise 
summary of our main findings. 
 
The major outcomes are listed as follows: 
(1) A total of fifty-eight brachiopod species belonging to twenty-eight genera 
have been described and illustrated from the Hovsugol section. Among these 
there are eight new species erected; they are: Dyoros (Dyoros) magniconvexus, 
Dyoros (Lissosia) planiminisculus, Paramarginifera pentagona, P. convexa, P. 
sulcata, Linoproductus planiconvexus, Jilinmartinia hovsugolensis and J. 
medius. 
 
(2) A total of forty-four brachiopod species belonging to twenty-seven genera 
have been described and illustrated from the Dzhirem-Ula section, with no 
new species recognised. 
 
(3) Based on our analysis of the stratigraphical (age) ranges of all the described 
brachiopod species and the ages of associated non-brachiopod faunas, the age 
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of the Kharanudunsk Formation in the Hovsugol section is considered to be 
mainly Kungurian, possibly extending down to the Artinskian. 
 
(4) In the same way, the age of the Lugin-Gol Formation in the Dzhirem-Ula 
section is considered to be Roadian to Capitanian. Specifically, the age of the 
Tsagan-Ula horizon which contains the Liosotella decimana-Waagenoconcha 
angustata Assemblage is Rodian to Wordian, and the age of the succeeding 
Solonker horizon, marked by the Echinauris jisuensis Assemblage (= 
Alispiriferella lita-Kaninospirifer adressum assemblage), is Wordian to 
Capitanian. 
 
(5) As a whole, these brachiopod faunas from southeastern Mongolia (both 
Hovsugol and Dzhirem-Ula sections) bear strong species affinities with 
brachiopod faunas from the Beishan area in northwest China; Ekenalsileng 
area of Badain Jaran Desert in western Inner Mongolia; the Zhesi, Xiujimqinqi 
and Dongujimqinqi areas in central and eastern Inner Mongolia; South 
Primorye of Russian Far East; and South Kitakami and Hida Gaien belts in 
Japan. On the other hand, the brachiopod faunas from southeastern Mongolia 
are very different from those of the Transbaikal region, central-northeastern 
Mongolia and the Verchoyansk and Kolyma-Omolon region of northeast 
Russia. 
 
(6) Biogeographical features of the Hovsugol brachiopod fauna are marked by 
cold-water Boreal and endemic species components with little or no warm-
water elements. This would suggest that southeastern Mongolian during 
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Kungurian times, was mainly influenced by cool-water temperate climate 
conditions, which favoured the invasion and inhabitation of higher-latitude 
cool- to cold-water faunas. 
 
(7) Biogeographical features of the Dzhirem-Ula brachiopod fauna exhibit 
apparent palaeobigeographical transitional/mixed characters between the high-
palaeolatitude Boreal and palaeoequatorial faunas. This feature is also 
manifested in coeval brachiopod faunas reported from the East Asian region 
including northeast China, parts of Japan and South Primorye of the Russian 
Far East. The older Liosotella decimana-Waagenoconcha (Waagenochocha) 
angustata assemblage (Roadian to Wordian) from the Dzhirem-Ula section is 
dominated by cold-water species, with few typical warm-water Tethyan 
species. This biogeographical signal probably corresponded to an interval of 
maximum cold-water faunal invasion from high-latitude northeast Asia into 
southeastern Mongolia. While the younger Echinauris jisuensis assemblage of 
Capitanian age in the Dzhirem-Ula section is characterised by the 
intermingling of both Boreal-type cold-water/cool-water elements and warm-
water Tethyan species. The presence of warm-water species indicates invasion 
of lower-latitude warm-water species into southeastern Mongolia during late 
Guadalupian. 
 
(8) The mixed affinities of marine Permian faunas in southeastern Mongolia are 
related to and explained by their palaeogeographical and 
palaeobiogeographical positioning and conditions during the Kungurian to 
Capitanian. The marine basin in southeastern Mongolia is thought to have 
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been connected to a large marine basin to the south, namely the Sino-
Mongolian seaway, or Palaeo-Asian Ocean in a much more broad sense, 
which also included much of northeastern China, southern part of Primorye in 
Far East Russia and also parts of Japan. This, largely epicontinental, ocean 
was unique in having both warm-water Tethys faunas and cold-water/cool-
water Boreal faunas. Judging from both sedimentary and palaeontological 
records, the Sino-Mongolian seaway remained as an epicontinental basin for 
most of Guadalupian (Middle Permian) times, a period during which the 
marine faunas throughout the basin everywhere demonstrated a mixture of 
both warm-water Tethyan (South China) forms and high-latitude Boreal cold-
water species, indicating active mingling in the same basin of both low-
latitude sourced warm-water currents with those generated in higher latitudes. 
By the end of Guadalupian, the Sino-Mongolian seaway is believed to have 
been completely closed, heralding the final stage of tectonic and 
palaeogeographical amalgamation of the Sino-Korean Platform with Siberia 
and Central Asian blocks. 
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CHAPTER 7: SYSTEMATIC DESCRIPTION OF BRACHIOPOD 
FAUNA FROM THE HOVSUGOL SECTION 
 
The supra-generic classification used in this thesis, largely follows the Second 
Edition of the Treatise of Invertebrate Paleontology, Part H, Brachiopoda, Revised 
(Kaesler, 2000; 2002; 2006; Selden, 2007). All the specimens described herein are 
housed in the Nanjing Institute of Geology and Palaeontology with a registration 
number prefixed by NIGP. 
 
Order PRODUCTIDA Sarytcheva and Sokolskaja, 1959 
Suborder CHONETIDINA Muir-Wood, 1955 
Superfamily CHONETOIDEA Bronn, 1862 
Family RUGOSOCHONETIDAE Muir-Wood, 1962 
Subfamily SVALBARDIINAE Archbold, 1982 
Genus Dyoros Stehli, 1954 
 
Type species.—Chonetes consanguineus Girty, 1929, p. 409, figs 8, 9 from the 
Delaware Mountain Formation of Wordian age, Texas, USA. 
 
Discussion.—Dyoros is a large chonetiform genus with wide-hinged smooth 
shells except for concentric growth lines of varying strength. It is characterised by 
acute to alate cardinal extremities and a ventral sulcus varying from deep to barely 
visible.The ventral valve interior is usually marked by conspicuous endospines on the 
anterolateral side (Cooper and Grant, 1975, p. 1220). The specimens from southern 
Mongolia are mostly internal moulds, but there are a few body (exterior) specimens 
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with shell surfaces partly peeled off, so the fine papillae are clearly observable on the 
abraded (inner) surface. 
This genus differs from Lissochonetes (Dunbar and Condra, 1932, p. 169) in 
the interior and exterior details of both valves. Dyoros usually has fairly strong ridges 
in the ventral valve, whereas Lissochonetes does not (Cooper and Grant, 1975, p. 
1221). Dyoros also has a larger size and pronounced fold and sulcus when compared 
with Lissochonetes. Quadrochonetes (Stehli, 1954, p. 309) is distinguished from 
Dyoros by its strongly quadrate outline, smaller size, a strong and angular sulcus and 
a sharp fold. Leurosina Cooper and Grant (Cooper and Grant, 1975, p.1260) differs 
from the present genus by lacking a prominent sulcus and a rectangular outline with 
rounded angles. 
The genus has been subdivided into three different subgenera based on 
differences in shell outline and the degree of development of the sulcus: Dyoros 
(Dyoros), Dyoros (Lissosia) and Dyoros (Tetragonetes) (Cooper and Grant, 1975; 
Racheboeuf, 2000). Dyoros (Dyoros) has strong angular ears and a deep sulcus. 
Dyoros (Lissosia) has a wide hinge with well demarcated ears, but its reduced fold 
and sulcus distinguish it from Dyoros (Dyoros). Dyoros (Tetragonetes) is relatively 
narrow hinged with a strong rectangular outline. 
 
Dyoros (Dyoros) semicircularis Afanasjeva, 1991 
Plate 1, Figures 1-33; Plate 2, Figures 1-6 
 
1991  Dyoros (Dyoros) semicircularis Afanasjeva, p. 96, pl. 22, figs 2-4. 
2003  Dyoros (Dyoros) semicircularis Afanasjeva, p. 103, pl. 38, figs 2-4. 
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Materials.—Thirty-seven specimens, most of them are internal moulds of 
ventral and dorsal valves. Registered specimens: two conjoined shells (NIGP (DDs 19, 
23)); two ventral valves (NIGP (DDs 31-32)); twenty-four internal moulds of ventral 
valves (NIGP (DDs 1-2, 4-18, 24-30)); three external moulds of ventral valves (NIGP 
(DDs 20-22)); two internal moulds of dorsal valves (NIGP (DDs 33-34)) and four 
external moulds of dorsal valves (NIGP (DDs 3, 35-37)). 
 
Description.—Medium size for genus, semicircular to slightly transversely 
elliptical in outline, wider than long, widest at hinge; ears prominent and pointed, 
angular in general outline, forming a cardinal angle of about 65˚ to 75˚; lateral flanks 
rounded, anterior margin broadly rounded; anterior commissure faintly to moderately 
folded toward dorsal valve; spines not observed; surface smooth. 
Ventral valve gently to moderately convex in lateral profile; anterior profile 
broadly to moderately convex; flanks gently sloping; umbonal region and beak small; 
sulcus conspicuous and wide, originating from umbo and extending broadly to 
anterior margin. 
Dorsal valve weakly concave in lateral profile, maximum concavity near 
midvalve or slightly posterior; fold originating on posterior near beak. 
Ventral valve interior with short median septum anterior to apical area; muscle 
scars not clear; inner surface finely papillose; dorsal valve interior with small cardinal 
process and socket ridges; inner surface strongly papillose; some specimens with 
weak concentric lines; other features not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
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Specimen no. L W 
NIGP(DDs01) 
NIGP(DDs02) 
NIGP(DDs03) 
NIGP(DDs04) 
NIGP(DDs05) 
NIGP(DDs06) 
NIGP(DDs07) 
NIGP(DDs08) 
NIGP(DDs09) 
NIGP(DDs10) 
NIGP(DDs11) 
NIGP(DDs12) 
NIGP(DDs13) 
NIGP(DDs14) 
NIGP(DDs15) 
NIGP(DDs16) 
NIGP(DDs17) 
NIGP(DDs18) 
NIGP(DDs19) 
NIGP(DDs20) 
NIGP(DDs21) 
NIGP(DDs22) 
NIGP(DDs23) 
10.46 
10.18 
10.37 
9.38 
11.12 
10.31 
9.82 
10.77 
8.84 
10.02 
9.32 
10.80 
11.56 
11.13 
10.43 
9.81 
10.40 
11.87 
10.28 
9.35 
10.21 
10.50 
8.15 
13.56 
15.64 
16.62 
14.35 
16.40 
15.38 
15.08 
19.44 
14.80 
16.10 
16.22 
16.46 
18.45 
16.01 
16.26 
15.07 
14.81 
16.11 
15.55 
13.46 
15.94 
16.34 
15.09 
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NIGP(DDs24) 
NIGP(DDs25) 
NIGP(DDs26) 
NIGP(DDs27) 
NIGP(DDs28) 
NIGP(DDs29) 
NIGP(DDs30) 
NIGP(DDs31) 
NIGP(DDs32) 
NIGP(DDs33) 
NIGP(DDs34) 
NIGP(DDs35) 
NIGP(DDs36) 
NIGP(DDs37) 
10.86 
11.11 
10.17 
10.07 
9.89 
11.58 
11.60 
10.84 
10.48 
8.43 
10.49 
9.02 
8.58 
10.14 
14.76 
16.89 
15.34 
14.55 
15.86 
15.75 
14.10 
16.90 
14.89 
14.75 
14.14 
13.48 
14.62 
15.41 
 
Discussion.—The present species is characterised by its semicircular outline, 
maximum width at hingeline, and a conspicuous and wide sulcus. Dyoros (Dyoros) 
semicircularis was first reported from the Hovsugol area of Mongolia by Afanasjeva 
(1991). The specimens described above are from the same horizon. This species 
resembles Dyoros (Dyoros) lamellos (Liu and Waterhouse, 1985, p. 12, pl. 1, figs 2-6, 
9) from the Houtoumiao Formation in Xiujimqinqi, China, in general outline, but the 
latter has a wider sulcus. The present species is small compared to Dyoros (Dyoros) 
grandis (Afanasjeva, 1977, p. 15, pl. 1, figs 15-18) from the Kungurian lower 
Starostinskaya Formation of west Spitsbergen. Dyoros (Dyoros) magnus (Stehli, 1954, 
p.312, pl.19, fig. 13-15) from the Kungurian lower Bone Spring Formation of Texas is 
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different from the present species by its less convex and shallower sulcus. Dyoros 
(Dyoros) consanguineus (Girty, 1929, p. 409, figs 8, 9) from the Kungurian Bone 
Spring Formation of West Texas is separated from Dyoros (Dyoros) semicircularis by 
its longer ears and deeper sulcus. 
 
Occurrence.—HV-5, 6, 8, 13; Hovsugol section, Kungurian. 
 
Dyoros (Dyoros) extensiformis Cooper and Grant, 1975  
Plate 2, Figures 7-9 
 
1975  Dyoros (Dyoros) extensiformis Cooper and Grant, p. 1229, pl. 483, figs 1-10; pl. 
500, figs 20-32. 
 
Materials.— Three specimens. Registered specimens: an incomplete dorsal 
valve (NIGP (DDe 01)); an internal mould of a dorsal valve (NIGP (DDe 02)) and an 
external mould of a dorsal valve (NIGP (DDe 03)). 
 
Description.—One dorsal valve (NIGP (DDe 01)) measured 11.72 mm long 
and 19.48 mm wide, an internal mould of a dorsal valve (NIGP (DDe 02)) measured 
13.19 mm long and 22.53 mm wide, and one external mould of a dorsal valve (NIGP 
(DDe 03)) measured 10.95 mm long and 19.02 mm wide; rectangular in outline, 
widest at hinge; ears large and prominent; lateral flanks oblique, anterior margin 
truncated and emarginate; anterolateral margin a little rounded; anterior commissure 
broadly folded toward dorsal valve; spines on posterior margin not observed; surface 
smooth. 
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Ventral valve evenly and gently convex; umbonal region weakly swollen; 
median region moderately swollen; sulcus originating near midvalve, very broad and 
shallow; lateral slopes to posterolateral margins short and steep, anterior slopes 
steeper than lateral slopes. 
Dorsal valve moderately deep and concave in median region, concavity 
extending to umbo and anterolaterally on each side of the broad and low fold. 
Ventral valve interior finely papillose; dorsal valve interior unusually marked 
by regular costellae.  
 
Discussion.—This species is extremely transverse with a broad and low fold. 
These Mongolian specimens are almost the same as the material from the Kungurian 
Cathedral Mountain Formation in West Texas in outline and other described features. 
One of the features of the present specimens are their unusually regular costellae on 
the inner surface. The same features can be also seen in Dyoros (Tetragonetes) 
auriculatus Cooper and Grant (Cooper and Grant, 1975, p.1246, pl. 489, figs 26-43). 
Dyoros (Dyoros) transversus Cooper and Grant (Cooper and Grant, 1975, p.1239, pl. 
486, figs 28-67; pl. 487, figs 1-17; pl. 501, figs 1-4) from the Kungurian to Roadian 
Road Canyon and Cibolo Formations of West Texas resembles the present species in 
its widely extended hinge and low convexity, but Dyoros (Dyoros) extensiformis is 
actually not so strongly transverse as Dyoros (Dyoros) transversus and has more 
strongly differentiated ears than Dyoros (Dyoros) transversus. Dyoros (Dyoros) 
extensiformis differs from Dyoros (Dyoros) extensus Cooper and Grant (Cooper and 
Grant, 1975, p.1230, pl. 483, figs 11-44) by its lower convexity of the ventral valve 
and stronger ears. Dyoros (Dyoros) planiextensus Cooper and Grant (Cooper and 
Grant, 1975, p.1234, pl. 484, figs 38-62; pl. 485, figs 38-51) from the Wordian Word 
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Formation of West Texas, USA is larger and more convex than the present species. 
The fold on its dorsal valve is also longer and narrower than on the Mongolian species. 
 
Occurrence.—HV-5; Hovsugol section, Kungurian.  
 
Dyoros (Dyoros) magniconvexus new species 
Plate 2, Figures 10-26 
 
Holotype.—An internal mould of ventral valve (NIGP (DDm 01)) from bed 5 
of Hovsugol section (Plate 2, Fig. 10).  
 
Other material examined.—Seventeen specimens, most of them are internal 
moulds of either ventral or dorsal valves. Registered specimens: one conjoined shell 
(NIGP (DDm04)); three ventral valves (NIGP (DDm13-15)); five internal moulds of 
ventral valves (NIGP (DDm02-03, 05, 07, 10)); two external moulds of ventral valves 
(NIGP (DDm11-12)) and four external moulds of dorsal valves (NIGP (DDm06, 08-
09, 16)). 
 
Diagnosis.—Medium size, extremely convex and transverse Dyoros (Dyoros) 
with very weak sulcus.  
 
Description.—Medium size for genus, wider than long, hinge width nearly 
twice its shell length, transversely rectangular in outline; maximum width at hinge; 
cardinal extremities subquadrate to acute; lateral sides nearly rounded, anterior 
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margin broadly rounded; anterior commissure straight to very weakly folded toward 
dorsal valve; surface marked by concentric lines and growth lines.  
Ventral valve strongly convex in both lateral and anterior profiles, maximum 
convexity slightly anterior to midvalve; beak small and obtusely pointed; ears 
prominent, a little depressed; umbonal region swollen and with gentle slopes to ears; 
middle region strongly swollen; sulcus variable and very weak, originating slightly 
posterior to midvalve, generally wide and shallow; lateral slope faintly to steeply 
inclined, anterior slope abruptly inclined dorsally at about three-quarters of the shell 
length. 
Dorsal valve fairly deeply concave in lateral profile, maximum concavity near 
midvalve; umbonal region concave; ears weakly concave, demarcated from median 
region by oblique ridges; fold originating near midvalve, low and broadly rounded. 
Ventral valve interior with short median septum extending over posterior third 
of valve length; muscle field obscure; interior usually strongly papillose; dorsal valve 
interior with small cardinal process; socket ridges conspicuous; median septum low; 
adductor field small; anterolateral and lateral margins of visceral region fringed by 
small and close-set granules.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP(DDm01) 
NIGP(DDm02) 
NIGP(DDm03) 
9.02 
9.30 
10.18 
17.26 
17.72 
19.71 
- 
- 
- 
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NIGP(DDm04) 
NIGP(DDm05) 
NIGP(DDm06) 
NIGP(DDm07) 
NIGP(DDm08) 
NIGP(DDm09) 
NIGP(DDm10) 
NIGP(DDm11) 
NIGP(DDm12) 
NIGP(DDm13) 
NIGP(DDm14) 
NIGP(DDm15) 
NIGP(DDm16) 
9.05 
9.08 
6.11 
10.12 
9.27 
9.26 
7.97 
7.28 
5.80 
10.03 
10.81 
10.67 
9.85 
17.56 
17.25 
15.79 
18.69 
15.31 
18.08 
14.55 
17.52 
14.12 
16.96 
17.36 
17.50 
17.18 
4.14 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Etymology.—magni, Latin, means extremely big; convexus, Latin, means 
convex. 
 
Discussion.—It is clear that the material described above warrants a new 
species name. Dyoros (Dyoros) convexus Cooper and Grant (Cooper and Grant, 1975, 
p.1227, pl. 482, figs 6-32; pl. 501, figs 32-61) from the Wordian Cherry Canyon and 
Word Formations in West Texas, USA closely resembles the present species, but the 
latter is distinguished by its greater convexity and shallower sulcus in the ventral 
valve. Considering its transverse outline, the new species bears some resemblance to 
Dyoros (Dyoros) transversus Cooper and Grant (Cooper and Grant, 1975, p.1239, pl. 
486, figs 28-67; pl. 487, figs 1-17; pl. 501, figs 1-4), however the present new species 
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is easily recognised by its more rectangular forms and the hinge is only slightly wider 
than midvalve. The present new species differs from Dyoros (Dyoros) magnus Stehli 
(Stehli, 1954, p. 312, pl. 19, figs 13-15) by its smaller size and very strong convexity. 
The strong convexity and nearly rectangular outline along with the very weakly 
developed sulcus of the new species make it a unique species within the genus.  
 
Occurrence.—HV-5, 6, 14; Hovsugol section, Kungurian. 
 
Dyoros (Dyoros) grandis Afanasjeva, 1977 
Plate 2, Figures 27-30; Plate 3, Figures 1-12 
 
1977  Dyoros grandis Afanasjeva, p. 15, pl. 1, figs 15-18. 
2006  Dyoros grandis Afanasjeva, pl. 2, figs 1-4. 
 
Materials.—Seventeen specimens, most of them are internal moulds of ventral 
or dorsal valves. Registered specimens: two ventral valves (NIGP (DDg02-03)); 
twelve internal moulds of ventral valves (NIGP (DDg01, 04-13, 15)); one dorsal valve 
(NIGP (DDg16)) and one external mould of a dorsal valve (NIGP (DDg14)). 
 
Description.—Shell large in size for the genus, nearly semielliptical to slightly 
semicircular in outline; wider than long, widest at hinge or slightly anterior to hinge, 
about 1.5 times shell length; cardinal extremities a little acute to nearly subquadrate, 
forming a cardinal angle varying between 80˚ and 85˚; lateral sides generally evenly 
rounded; anterior margin broadly rounded; anterior commissure broadly rounded in 
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some juveniles and immature specimens broadly to faintly folded medially toward 
dorsal valve in some adults; spines on posterior margin not preserved; surface smooth.  
Ventral valve moderately convex in lateral profile, maximum convexity 
slightly posterior to midvalve; umbonal region swollen and with fairly steep slopes; 
median region forming most convex part with steep lateral and anterior slopes; sulcus 
originating slightly anterior to umbo, generally wide and fairly deep, becoming wider 
and shallower anteriorly; ears somewhat flattened; pseudodeltidium not observed. 
Dorsal valve moderately concave, deepest parts near midvalve; fold relatively 
low, originating slightly anterior to umbo, broadening anteriorly; ears flattened.  
Ventral valve interior with poorly developed median septum, extending 
anteriorly to near midvalve; diductor field well defined, flabellate; adductor scars 
small; interior surface finely papillose, extremely so in lateral and anterior areas; 
dorsal valve interior with thin median septum, extending nearly to midvalve; cardinal 
process not observed; inner surface strongly radially papillose, except the ear regions, 
papillae becoming larger anteriorly.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(DDg01) 
NIGP(DDg02) 
NIGP(DDg03) 
NIGP(DDg04) 
NIGP(DDg05) 
16.36 
14.05 
13.33 
13.03 
12.06 
26.28 
20.61 
20.76 
20.16 
21.67 
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NIGP(DDg06) 
NIGP(DDg07) 
NIGP(DDg08) 
NIGP(DDg09) 
NIGP(DDg10) 
NIGP(DDg11) 
NIGP(DDg12) 
NIGP(DDg13) 
NIGP(DDg14) 
NIGP(DDg15) 
13.23 
13.53 
13.30 
12.54 
12.25 
16.65 
13.92 
13.25 
12.01 
12.28 
21.08 
22.16 
19.58 
20.95 
20.70 
23.50 
21.86 
20.10 
19.05 
19.41 
 
Discussion.—The Mongolian specimens are slightly smaller than Afanasjeva‘s 
specimens (Afanasjeva, 1977, p. 15, pl. 1, figs 15-18.), but the outer and inner 
features of the species described herein clearly indicate that it belongs to Dyoros 
(Dyoros) grandis. Dyoros (Dyoros) magnus Stehli (Stehli, 1954, p. 312, pl. 19, figs 
13-15) from the Bone Spring Formation in West Texas, USA closely resembles the 
present species in terms of its general outline and size, but Dyoros (Dyoros) grandis is 
more convex with a deeper and wider sulcus on the ventral valve.  
 
Occurrence.—HV-5, 6, 9; Hovsugol section, Kungurian.  
 
Dyoros (Dyoros) borealis Afanasjeva, 2006 
Plate 3, Figures 13-21 
 
2006  Dyoros (Dyoros) borealis Afanasjeva, p. 125, pl. 4, figs 5-9. 
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Materials.—Nine specimens, five ventral valves and four internal moulds of 
ventral valves. Registered specimens: five ventral valves (NIGP (DDb05-09)) and 
four internal moulds of ventral valves (NIGP (DDb01-04)). 
 
Description.—Medium in size for genus, semicircular to slightly transverse in 
outline, greatest width at hinge; cardinal extremities acute, usually alate and having 
angle of 60˚ to 75˚; lateral sides nearly rounded; anterior margin nearly straight; 
anterolateral margins strongly rounded; hinge spines poorly preserved, with only 
some spine bases observed; surface smooth.  
Ventral valve moderately convex in lateral profile, a few specimens slightly 
strongly convex, maximum convexity near midvalve; beak small; umbonal region 
conspicuous; median region with strongest convexity and forming consistently steep 
lateral and anterior slopes; ears flattened, not well demarcated; sulcus originating 
slightly anterior to umbonal region, weak and narrow, becoming shallower anteriorly. 
Dorsal valve unclear.  
Ventral valve interior with two forward projecting teeth; median septum 
reaching about half of shell length; muscle scars not observed; interior surface 
strongly papillose around lateral and anterior areas. Dorsal valve interior unknown.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
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NIGP(DDb01) 
NIGP(DDb02) 
NIGP(DDb03) 
NIGP(DDb04) 
NIGP(DDb05) 
NIGP(DDb06) 
NIGP(DDb07) 
NIGP(DDb08) 
NIGP(DDb09) 
7.65 
8.79 
8.36 
- 
8.05 
8.82 
9.38 
8.55 
8.63 
13.50 
13.93 
13.51 
15.60 
13.89 
13.33 
13.25 
- 
- 
 
Discussion.—The present described specimens are all ventral valves, which 
have the same features as the specimens from the Kungurian Talatinskaya Formation 
from the Vorkuta River on the northen Russian Platform, Russia (Afanasjeva, 2006). 
Dyoros (Dyoros) borealis differs from Dyoros (Dyoros) sp. (Racheboeuf and Sanchez, 
1987, p. 307, pl. 1, figs 7-13) by its shorter median septum in the ventral interior, and 
less conspicuous ventral sulcus. This species is easily distinguished from Dyoros 
(Dyoros) grandis described above by its smaller size, weak ventral convexity and 
shallower ventral sulcus. Dyoros (Dyoros) planiextensus Cooper and Grant (Cooper 
and Grant, 1975, p.1234, pl. 484, figs 38-62; pl. 485, figs 38-51) from the Word 
Formation in West Texas, USA is similar to the present species in terms of its general 
outline and straight anterior margin, but it has a smaller shell size and a narrower 
ventral sulcus anteriorly. 
 
Occurrence.—HV-5, 6; Hovsugol section, Kungurian.  
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Dyoros (Dyoros) cf. pseudotrapezoidalis (Miloradovich, 1947) 
Plate 3, Figures 22-25 
 
1884  Chonetes trapezoidalis Waagen, p. 623, pl. 59, figs 3-4. 
1885  Chonetella sinuata var., Krotow, p. 278, pl. 4, figs 22-23. 
1902  Chonetes trapezoidalis Waagen; Tschernyschew, p. 595, pl. 27, figs 6-8. 
1934  Chonetes trapezoidalis (Waagen); Stepanov, p. 11, pl. 1, fig. 3. 
1947  Chonetes pseudotrapezoidalis Miloradovich, p. 98. 
1960  Chonetina (?) pseudotrapezoidalis (Miloradovich); Mironova, p. 33, pl. 1, fig. 3. 
1964  Chonetina pseudotrapezoidalis (Miloradovich); Mironova, p. 93, pl. 1, figs 1-3. 
1972  Dyoros (?) pseudotrapezoidalis (Miloradovich); Ifanova, p. 100, pl. 3, figs 3-7. 
1978  Dyoros (?) pseudotrapezoidalis (Miloradovich); Solomina, p. 106, pl. 9, fig.3. 
1986  Dyoros (Dyoros) pseudotrapezoidalis (Miloradovich); Kalashnikov, pl. 120, 
figs 5-6. 
1996  Dyoros (Dyoros) pseudotrapezoidalis (Miloradovich); Shi and Waterhouse, p. 
53, pl. 3, fig10; pl. 4, figs 1-6. 
 
Materials.—Four specimens, two ventral valves and two internal moulds of 
ventral valves. Registered specimens: two ventral valves (NIGP (DDp01, 04)) and 
two internal moulds of ventral valves (NIGP (DDp02-03)). 
 
Description.—Shell small to medium size for genus, transversely trapezoidal 
in outline; widest at hinge; cardinal extremities generally alate; lateral sides broadly 
rounded; anterolateral margins nearly rounded; anterior margin with generally 
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rounded emargination; anterior commissure with moderate median dorsal fold; 
surface smooth.  
Ventral valve moderately convex in lateral profile, maximum convexity 
around midvalve; anterior profile broadly domed, median region gently depressed, 
sides short and gently inclined; beak small; umbonal region slightly swollen and 
extending slightly posterior to hinge line; umbonal slopes low and slightly concave in 
outline; ears distinct, nearly triangular in shape, well demarcated from slope-shaped 
flanks; sulcus originating on umbo, widening and deepening anteriorly; sulcus flanked 
by two broadly rounded but somewhat variable plications with moderately steep 
lateral slopes. 
Dorsal valve unknown.  
Ventral valve interior with poorly preserved median septum; muscle field 
obscure; inner surface pseudopunctate with floor covered by small granules, 
particularly over posterolateral and anterior parts; dorsal valve interior unknown.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(DDp01) 
NIGP(DDp02) 
NIGP(DDp03) 
NIGP(DDp04) 
10.18 
11.72 
8.28 
9.96 
14.08 
19.23 
13.15 
14.53 
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Discussion.—One of the ventral valves (NIGP (DDp04)) was deformed, but 
its general outline and surface features are almost the same as the other specimens and 
are consistent with Dyoros (Dyoros) cf. pseudotrapezoidalis (Miloradovich, 1947). 
The specimens figured as Chonetes trapezoidalis by Waagen (1884, p. 623, pl. 59, 
figs 3-4) from the Capitanian lower-middle Chhidru Formation of the Salt Range, 
Pakistan differ from the present specimens by having a broader and deeper sulcus 
with several faint costae on flanks. Chonetella sinuata var. (Krotow, 1885, p. 278, pl. 
4, figs 22-23) from the Artinskian of Peschanika is distinguished from Dyoros 
(Dyoros) cf. pseudotrapezoidalis by its more acute ears. The present specimens are 
comparable in general characters with Dyoros (Dyoros) pseudotrapezoidalis 
(Miloradovich), named by Miloradovich for a specimen of Chonetes trapezoidalis 
originally described by Stepanov (1934) from the Sakmarian Bryozoa Limestone in 
the Kolva River of the northern Urals. But compared to our material, the Russian 
species possesses a much shallower sulcus and shorter steep lateral slopes. 
 
Occurrence.—HV-5, 6; Hovsugol section, Kungurian. 
 
Dyoros (Lissosia) planiminisculus new species 
Plate 3, Figures 26-28; Plate 4, Figures 1-9 
 
Holotype.—A ventral valve (NIGP (DLp01)) from bed 9 of Hovsugol section 
(Plate 3, Fig. 26). 
 
Other material examined.—Eleven specimens, most of them are internal or 
external moulds of ventral or dorsal valves. Registered specimens: six ventral valves 
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(NIGP (DLp02-03, 05, 07-11)); one external mould of a ventral valve (NIGP 
(DLp12)); one dorsal valve (NIGP (DLp06)) and one internal mould of a dorsal valve 
(NIGP (DLp04)). 
 
Diagnosis.—Very small, low convex Dyoros (Lissosia) having a conspicuous 
fold and sulcus only in late adult stages.  
 
Description.—Shell small in size for genus, subrectangular to transversely 
semielliptical in outline; wider than long, widest at hinge; cardinal extremities acute, 
generally bluntly pointed; lateral sides moderately oblique, generally gently rounded; 
anterior margin broadly rounded; anterior commissure straight or with very faint fold 
toward dorsal valve in some adult specimens; spines on posterior margin not 
preserved; surface smooth.  
Ventral valve evenly and weakly convex in lateral profile, maximum 
convexity near midvalve or slightly posterior to midvalve; anterior profile broadly and 
gently convex with long and gentle lateral slopes to cardinal extremities; beak small; 
umbonal region moderately swollen with gently inclined slopes; median region 
moderately inflated with gentle lateral and anterior slopes; sulcus variable and not 
strongly defined in any specimens, generally indistinct, if present, originating on 
umbo, narrow and shallow, usually broad and inconspicuous at anterior part; 
anterolateral flanks slightly swollen; ears flat, triangular and usually submucronate. 
Dorsal valve weakly concave, maximum concavity near midvalve; sides and 
anterior sloping very gently toward midvalve; ears weakly concave, not clearly 
demarcated; fold inconspicuous, visible mostly in anterior half, low and broad.  
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Ventral valve interior with large teeth; median septum long, extending to 
midvalve or slightly anterior; adductor scars not clear; diductor scars roundly 
flabellate, usually indistinct; lateral and anterior areas moderately to strongly 
papillose; dorsal valve interior with small excavated cardinal process; socket ridges 
distinct, extending anterolaterally; median septum not observed; surface with some 
concentric growth lines.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(DLp01) 
NIGP(DLp02) 
NIGP(DLp03) 
NIGP(DLp04) 
NIGP(DLp05) 
NIGP(DLp06) 
NIGP(DLp07) 
NIGP(DLp08) 
NIGP(DLp09) 
NIGP(DLp10) 
NIGP(DLp11) 
NIGP(DLp12) 
8.63 
8.24 
5.43 
6.35 
8.27 
7.21 
6.69 
6.60 
6.90 
4.80 
8.86 
6.98 
10.51 
11.05 
8.00 
10.36 
11.59 
10.07 
10.98 
10.90 
11.05 
7.55 
12.14 
10.03 
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Etymology.—plani, Latin, means flat; minisculus, Latin, means smaller, 
altogether refers to its relatively small size and low convexity.  
 
Discussion.—The present new species is characterised by its small size and 
low convexity. According to the definition by Cooper and Grant (1975, p. 1241), this 
new species is undoubtedly assignable to the subgenus Dyoros (Lissosia) with its 
typical character of a very weak sulcus and fold on the ventral and dorsal valves 
respectively. Dyoros (Dyoros) acanthopelix Hoover (1981, p. 50, figs 17-26) from the 
Roadian or Wordian Palmarito Formation of Venezuela is similar to the present new 
species in terms of its small size and indistinct fold and sulcus development, but it has 
a more squared outline. The lower convexity and smaller size of Dyoros (Lissosia) 
planiminisculus may be easily distinguished from the other species of the subgenus. 
These include Dyoros (Lissosia) concavus Cooper and Grant (1975, p. 1241), Dyoros 
(Lissosia) parvus Cooper and Grant (1975, p. 1243) and Dyoros (Lissosia) 
vagabundus Cooper and Grant (1975, p. 1244).  
 
Occurrence.—HV-5, 6, 9, 13; Hovsugol section, Kungurian.  
 
Order PRODUCTIDA Sarytcheva and Sokolskaja, 1959 
Suborder PRODUCTIDINA Waagen, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELLIDAE Schuchert, 1929 
Subfamily MARGINIFERINAE Stehli, 1954 
Genus Uraloproductus Ustritskiy, 1971 
 
132  
Type species.—Productus stuckenbergianus Krotow, 1885, p. 267, pl. 4, figs 4-6 from 
the lower Permian of the Asian Arctic (Russian Federation).  
 
Discussion.—This genus was named by Ustritskiy (1971, p. 21) in a footnote 
with Productus stuckenbergianus Krotow, 1885 as the type species, without 
characterising the species. Abramov and Grigorjewa (1983, p. 83) first formally 
described Uraloproductus but without the internal structures. Shi and Waterhouse 
(1996, p. 71) proposed a diagnosis for the genus and discussed in detail the 
distribution pattern of the spines. The new treatise edited by Kaesler et al. (2000, p. 
643) provided no description, nor a diagnosis of the genus, and its systematic position 
was treated as uncertain within the order Productida Sarytcheva and Sokolskaja, 1959. 
However, the prominent reticulation of the posterior part of the shell and the unique 
costae with concentric rugae strongly suggest that the genus should be included in the 
subfamily Marginiferinae Stehli, 1954, although its marginal ridges are not as 
strongly defined as in most other Marginiferin genera.  
Uraloproductus is very close to Marginifera (Waagen, 1884) in view of its 
general outline and reticulate visceral disks, but it can be distinguished by its less 
strongly convex ventral profile and the different distribution patterns of the spines. 
The spines of Marginifera are in prominent rows along the flanks, plus others widely 
scattered on the venter (Brunton et al., 2000, p. 439), whereas the spines of 
Uraloproductus consist of one pair on the ears, one pair on the posterolateral slopes, 
and one pair on the trail anteriorly, as well as a few smaller halteroid spines over the 
umbonal region (Shi and Waterhouse, 1996). The present genus is also very close to 
Retimarginifera Waterhouse (1970), as noted by Ustritskiy (1974), and Shi and 
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Waterhouse (1996), but it differs by possessing coarser costae, a more transverse 
outline and a less concave dorsal valve.  
 
Uraloproductus stuckenbergianus (Krotow, 1885) 
Plate 4, Figures 10-31 
 
1885  Productus stuckenbergianus Krotow, p. 267, pl. 4, figs 4-6. 
1898  Productus stuckenbergianus Krotow; Stuckenberg, p. 262, pl. 4, figs 47-49. 
1902  Productus stuckenbergi Krotow; Tschernyschew, p. 265, pl. 24, fig. 9. 
1915  Productus stuckenbergianus Krotow; Fredericks, p. 48, pl. 3, figs 12-13; pl. 4, 
fig. 7. 
1916  Productus stuckenbergi Krotow; Tschernyschew and Stepanov, p. 51, pl. 8, fig. 
1. 
1934  Productus (Dictyoclostus?) stuckenbergianus Krotow; Stepanov, p. 23, pl. 2, 
figs 11-12. 
1939  Productus stuckenbergianus Krotow; Licharew, p. 92, pl. 20, figs 4-5. 
1953  Productus stuckenbergi Krotow; Gerasimov, p. 117, pl. 15, figs 8-9. 
1960  Marginifera stuckenbergiana (Krotow); Mironova, p. 43, pl. 1, figs 11-12. 
1960  Marginifera stuckenbergiana (Krotow); Solomina, p. 63, pl. 12, figs 2-3. 
1970  Marginifera stuckenbergiana (Krotow); Solomina, p. 91, pl. 6, fig. 10. 
1972  Marginifera (?) stuckenbergiana (Krotow); Ifanova, p. 117, pl. 6, figs 10-14. 
1978  Uraloproductus aff. stuckenbergianus (Krotow); Solomina, p. 111, pl. 9, figs 
17-18. 
1983  Uraloproductus stuckenbergianus (Krotow); Abramov and Grigorjewa, p. 84, 
pl. 6, figs 1-9. 
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1986  Uraloproductus stuckenbergianus (Krotow); Kalashnikov, pl. 118, fig. 4. 
 
Materials.—Twenty-three specimens, most of them are ventral valves and 
external moulds of dorsal valves. Registered specimens: ten ventral valves (NIGP 
(Us03-07, 09, 12, 16, 18-19)); one external mould of a ventral valve (NIGP (Us22)) 
and eleven external moulds of dorsal valves (NIGP (Us01-02, 08, 10-11, 13-15, 17, 
20-21)). 
 
Description.—Shell small to medium in size, subrectangular in outline; 
concavo-convex without abrupt geniculation; maximum width at hinge line, midwidth 
slightly shorter than hinge line; lateral sides gently sloping; anterior margin variable, 
generally broadly rounded to slightly emarginated; anterior commissure moderately 
folded medially toward dorsal valve; surface strongly costate with concentric rugae; 
spines on ventral valve only. 
Ventral valve moderately to strongly convex in lateral profile, posterior half 
more convex, anterior profile weakly convex; visceral disk small; beak incurved, 
nearly pointed; umbonal region narrow and swollen, strongly incurved and projecting 
beyond the hinge line for about 2 mm; umbonal slopes moderately steep, slightly 
concave in outline; median region flattening, lateral slopes gently inclined; flanks 
flatly and evenly convex; ears small and weakly convex, separated from umbonal 
slopes by depression; cardinal extremities rounded at about 90º; trail long and 
moderately convex; sulcus weak for small specimens to prominent for larger adult 
specimens, originating at 4 to 6 mm anterior to umbo, generally broad and shallow 
with rounded floor; costae weak over umbonal region and ears, distinct on trail, low 
and rounded, six to seven in 5 mm at midlength, occasionally increasing in number 
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anteriorly by intercalation; rugae strong over the whole valve, crossing costae on 
anterior part; reticulation distinct; spines few, one big spine base (about two mm in 
diameter) located on the anterior flank with other smaller spine bases observed across 
the surface of the ventral valve. 
Dorsal valve moderately to deeply concave, closely following ventral valve in 
curvature; similar to sulcus of ventral valve, dorsal fold beginning approximately 5 
mm anterior to tip of dorsal umbo, low and broadly extending to anterior margin; 
ornament on the surface similar to that on ventral valve with more prominent costae 
over visceral disk; reticulation well developed; lacking spines on dorsal valve, some 
small pits present.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Us01) 
NIGP(Us02) 
NIGP(Us03) 
NIGP(Us04) 
NIGP(Us05) 
NIGP(Us06) 
NIGP(Us07) 
NIGP(Us08) 
NIGP(Us09) 
NIGP(Us10) 
9.45 
14.55 
12.99 
11.14 
8.05 
7.38 
12.89 
10.62 
12.21 
17.46 
13.32 
18.98 
16.92 
17.94 
11.53 
10.23 
17.18 
15.31 
20.55 
21.43 
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NIGP(Us11) 
NIGP(Us12) 
NIGP(Us13) 
NIGP(Us14) 
NIGP(Us15) 
NIGP(Us16) 
NIGP(Us17) 
NIGP(Us18) 
NIGP(Us19) 
NIGP(Us20) 
NIGP(Us21) 
NIGP(Us22) 
10.78 
11.24 
9.84 
15.64 
10.47 
11.83 
13.73 
12.07 
8.09 
8.89 
9.68 
8.26 
14.64 
13.83 
13.99 
17.26 
13.24 
22.22 
18.10 
18.52 
8.91 
12.60 
17.86 
12.72 
 
Discussion.—This species was first established by Krotow in 1885 from the 
lower Permian of the Asian Arctic (Russian Federation). Since then, the species has 
been reported in synonymies by a number of authors (Stepanov, 1934; Mironova, 
1960; Solomina, 1960; 1970). Despite this, the interior structures of the species 
remain unclear, especially the dorsal interior. 
Uraloproductus stuckenbergianus is very similar to Plicatiferina neoplicatilis 
(Mironova, 1960, p. 40, pl. 1, figs 13-14; Solomina, 1978, p. 107, pl. 9, figs 4-6; 
Kalashnikov, 1980, p. 45, pl. 11, figs 3-5; Klets, 2005, p. 137, pl. 5, figs 14-18) in 
general outline and external ornamentation, but can be distinguished from the latter 
because it possesses more prominent and narrower rugae on both valves. 
Spyridiophora reticulata (King, 1931, p. 89, pl. 22, figs 3-10; Cooper and Grant, 1975, 
p. 887, pl. 231, figs 32-34; pl. 251, fig. 11; pl. 252, figs 1-57; pl. 253, figs 1-9, 11-36; 
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pl. 475, figs 1-5) from the Kungurian Leonard Formation of the Glass Mountains in 
West Texas closely resembles the present species in reticulation, but differs in having 
a strong ventral sulcus and a geniculated profile with coarser costae.  
 
Occurrence.—HV-5, 7, 14; Hovsugol section, Kungurian. 
 
Uraloproductus bilobatus Abramov and Grigorjewa, 1988 
Plate 5, Figures 1-5 
 
1988  Uraloproductus bilobatus Abramov and Grigorjewa, p. 121, pl. 7, figs 2-3, 5. 
 
Materials.—Five specimens, three ventral valves and two external moulds of 
dorsal valves. Registered specimens: three ventral valves (NIGP (Ub01-02, 05)) and 
two external moulds of dorsal valves (NIGP (Ub03-04)).  
 
Description.—Large in size for genus, nearly subrectangular in outline; 
strongly concavo-convex; hinge line straight, marking the maximum width; lateral 
sides moderately sloping; anterior margin emarginated; anterior commissure bearing 
prominent fold medially toward dorsal valve; surface strongly costate with concentric 
rugae, well developed reticulation; spines on ventral valve only.  
Ventral valve strongly convex in lateral profile, greatest convexity around the 
midvalve; visceral disk broad and inflated, demarcated from ears by broad depression; 
beak small and pointed; umbonal region prominent, strongly incurved and extended 
beyond hinge line; umbonal slopes very steep; lateral slopes moderately inclined; 
flanks broadly convex; ears large and moderately convex in profile, well demarcated; 
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sulcus prominent, beginning at 6 to 7 mm from umbo, broad and shallow, slightly 
widening and deepening toward anterior margin with broadly concave floor; costae 
distinct on anterior and trail, weak posteriorly, generally low and rounded, about six 
in 5 mm at middle part; rugae strong around umbonal region, reducing anteriorly; 
reticulation moderately distinct; ears lacking costae or rugae; spine bases evenly 
distributed on the surface of the ventral valve. 
Dorsal valve moderately concave, closely following curvature of ventral valve; 
dorsal fold broad and low, originating about 7 mm anterior to dorsal umbo; costae 
prominent with well defined reticulation; surface of the dorsal valve with some small 
pits, no spine bases observed on dorsal valve. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Ub01) 
NIGP(Ub02) 
NIGP(Ub03) 
NIGP(Ub04) 
NIGP(Ub05) 
19.85 
18.70 
17.45 
15.58 
16.63 
28.05 
25.97 
27.30 
23.88 
21.78 
 
Discussion.—Abramov and Grigorjewa (1988, p. 121) named this species for 
a group of larger Uraloproductus specimens with a bilobed ventral outline, extensive 
and somewhat convoluted ears and the presence of large spines on the ears. The 
Mongolian specimens examined have comparable features. The main differences of 
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the present species from Uraloproductus stuckenbergianus, described above, are its 
larger size and bilobed ventral outline. The spines on the Russian species are poorly 
known, therefore it is possible that Uraloproductus sp. B of Shi and Waterhouse 
(1996, p. 72, pl. 6, fig. 43) is co-specific with Uraloproductus bilobatus.  
 
Occurrence.—HV-5, 7, 14; Hovsugol section, Kungurian.  
 
Subfamily PRODUCTININAE Muir-Wood and Cooper, 1960 
Tribe PARAMARGINIFERINI Lazarev, 1986 
Genus Paramarginifera Fredericks, 1916 
 
Type species.—Marginifera clarkei Tschernyschew, 1902, p. 328, 651, pl. 47, figs 6-7; 
pl. 58, figs 1-3 from the Lower Permian (Schwagerina Limestone) of Kasarmensky 
Kamen on the Sim River, Ural Mountains, Russia.  
 
Paramarginifera Fredericks, 1916, p. 61, 64. 
Paramarginifera Fredericks; Muir-Wood and Cooper, 1960, p. 214. 
 
Discussion.—The name Paramarginifera was proposed by Fredericks (1916, 
p. 61), in a footnote, for Marginifera clarkei Tschernyschew, 1902. This genus was 
not described by Fredericks but detailed by Muir-Wood and Cooper in 1960. 
Originally, Paramarginifera was mentioned by Fredericks in 1916 as one of the 
hypothetical stages in the phyletic development of the septal apparatus of the 
Lyttoniinae. Later, Muir-Wood and Cooper (1960, p. 214) indicated that it was 
unrelated to Leptodus. 
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Paramarginifera is characterised by a pentagonal or subpentagonal outline, a 
concavo-convex profile, a cincture extending from the hinge around to the front of the 
shell and separating ears and trail from visceral disk, and a long trail with an incipient 
nasute extension at the anterior margin. As well as the six larger spines symmetrically 
dispersed on the ventral trail, flanks and ears (Muir-Wood and Cooper, 1960, p. 214; 
Brunton et al., 2000, p. 429), there are several other small spines scattered on the 
ventral trail and flanks. Marginifera Waagen (1884, p. 713) differs from the present 
genus chiefly in that it possesses prominent rows of spines along the flanks and 
additional spines are widely scattered on the ventral valve. Paramarginifera is similar 
to Rugivestis Muir-Wood and Cooper (1960, p. 235) in having a cincture and nasute 
extension on the trail, but is distinguished by the latter having a more complete and 
prominent nasute extension developed in the anterior region. Alitaria Cooper and 
Muir-Wood (1967, p. 808) also bears some resemblances to Paramarginifera; 
however, the former has large and well developed ears, more reticulate ornament on 
the visceral disc of both valves, and fewer spines on the ventral valve.  
 
Paramarginifera nativa Manankov, 1991 
Plate 5, Figures 6-41; Plate 6, Figures 1-36 
 
1991  Paramarginifera nativa Manankov, p. 104, pl. 25, figs 7-12. 
2003  Paramarginifera nativa Manankov, p. 118, pl. 43, figs 11-14. 
 
Materials.—Numerous specimens, more than one hundred specimens 
collected. Registered specimens: one conjoined shell (NIGP (Pa35)); thirty-one 
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ventral valves (NIGP (Pa01-03, 05-09, 13-19, 21-28, 30-32, 34, 36-39)) and ten 
external moulds of dorsal valves (NIGP (Pa04, 10-12, 20, 29, 33, 40-42)). 
 
Description.—Shell small to medium in size for genus (with the average 
length around 22 mm, average width around 32 mm, average length on the surface 
around 43 mm), broadly subpentagonal to a rounded quadrangular outline; concavo-
convex with distinct geniculation; wider than long, widest at hinge line; lateral sides 
moderately sloping; anterior margin broadly rounded; anterior commissure slightly 
folded medially toward dorsal valve; surface strongly costate with prominent 
concentric rugae; spines few, only on ventral valve. 
Ventral valve strongly convex in lateral profile, the maximum convexity on 
umbonal area, anterior profile weakly convex; visceral disk broadly large; beak 
strongly incurved, slightly overhanging hinge line; umbonal region convex with the 
umbonal angle at 85-90º; umbonal slopes steep; lateral slopes gently to strongly 
inclined; ears small and weakly convoluted, only weakly demarcated from visceral 
disk, triangular in shape, cardinal angle 75°-85°; strong geniculation beginning at 
about one third of shell length from beak, trail long and broad, weakly convex; sulcus 
originating at umbonal region, narrow and shallow, getting wider and deeper 
anteriorly on trail; some well preserved specimens with cincture extending from hinge 
around front of shell, largely separating trail from visceral disc; external costae fine, 
prominently bifurcating on trail, about five to seven in 5 mm at midlength; rugae 
strong and prominent on visceral disk, flanks and ears, weak on anterior part; spines 
few, six large spines nearly symmetrically placed on each side of median sulcus, ear 
and flank, about 2 mm in diameter; other small spines scattered on trail and flanks, 
less than 1 mm in diameter. 
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Dorsal valve moderately concave in lateral profile, corpus cavity of the valve 
generally deep; gradually geniculated around midvalve; trail long, slightly concave; 
median fold variably developed on trail, low and indistinct to rather prominent; 
surface ornament of dorsal valve similar to that of ventral valve, but with finer costae 
and rugae, costae getting coarser toward anterior slope, six to seven in 5 mm near 
geniculation; reticulation prominent on visceral part; no spines on dorsal valve. 
Internal characters largely unknown; ventral interior with faint, flabellate and 
longitudinally striated diductor scars; oval adductor scars not well preserved; dorsal 
valve interior with prominent diaphragm like marginal ridge corresponding to external 
cincture. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Pa01) 
NIGP(Pa 02) 
NIGP Pa 03) 
NIGP(Pa 04) 
NIGP(Pa 05) 
NIGP(Pa 06) 
NIGP(Pa 07) 
NIGP(Pa 08) 
NIGP(Pa 09) 
NIGP(Pa 10) 
23.73 
25.37 
18.23 
15.41 
18.54 
21.43 
26.26 
24.90 
25.11 
20.61 
33.28 
36.18 
33.70 
27.87 
30.39 
30.38 
34.92 
32.93 
27.84 
32.41 
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NIGP(Pa 11) 
NIGP(Pa 12) 
NIGP(Pa 13) 
NIGP(Pa 14) 
NIGP(Pa 15) 
NIGP(Pa 16) 
NIGP(Pa 17) 
NIGP(Pa 18) 
NIGP(Pa 19) 
NIGP(Pa 20) 
NIGP(Pa 21) 
NIGP(Pa 22) 
NIGP(Pa 23) 
NIGP(Pa 24) 
NIGP(Pa 25) 
NIGP(Pa 26) 
NIGP(Pa 27) 
NIGP(Pa 28) 
NIGP(Pa 29) 
NIGP(Pa 30) 
NIGP(Pa 31) 
NIGP(Pa 32) 
NIGP(Pa 33) 
NIGP(Pa 34) 
NIGP(Pa 35) 
19.90 
24.97 
18.83 
16.35 
18.20 
24.96 
24.34 
19.41 
23.26 
24.58 
23.45 
23.47 
24.04 
25.40 
27.54 
23.82 
21.76 
21.15 
19.42 
24.04 
23.91 
20.10 
21.93 
26.75 
22.97 
26.96 
28.18 
28.69 
35.51 
31.60 
33.51 
28.66 
26.03 
30.30 
32.86 
34.72 
36.32 
35.92 
29.28 
33.08 
31.28 
28.73 
34.75 
28.20 
35.59 
28.76 
26.77 
32.02 
31.79 
30.68 
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NIGP(Pa 36) 
NIGP(Pa 37) 
NIGP(Pa 38) 
NIGP(Pa 39) 
NIGP(Pa 40) 
NIGP(Pa 41) 
NIGP(Pa 42) 
21.16 
25.40 
19.58 
22.50 
17.06 
17.78 
20.71 
32.26 
34.13 
38.08 
34.94 
25.11 
25.33 
28.75 
 
Discussion.—The present species closely resembles Paramarginifera auritus 
Lee and Gu (1976, p. 250, pl. 169, figs 1-2, 4) from the Wordian Zhesi Formation of 
Inner Mongolian, China in general outline, but differs from the latter because P. 
auritus has larger, pointed ears, and large pustules. Each pustule extends over two to 
three costae on the ventral geniculation. The present species is less convex and the 
rugae on the ears are much more prominent when compared with the type species P. 
clarkei (Tschernyschew, 1902, p. 328, 651, pl. 47, figs 6-7; pl. 58, figs 1-3) from Late 
Carboniferous to Early Permian of the Urals and Timan. P. peregrina Fredericks 
(1924a, p. 24, pl. 1, figs 7-8; 1925, p. 12, pl. 1, figs 41-44) has stronger rugae over the 
visceral disk and the ears when compared to P. nativa. 
 
Occurrence.—HV-5, 7, 8, 14; Hovsugol section, Kungurian.  
 
Paramarginifera pentagona new species 
Plate 6, Figure 37; Plate 7, Figures 1-36; Plate 8, Figures 1-14 
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Holotype.—A ventral valve (NIGP (Pp01)) from bed 7 of Hovsugol section 
(Plate 6, Fig. 37; Plate 7, Fig. 1). 
 
Other material examined.—Twenty-four specimens. Registered specimens: 
twenty-two ventral valves (NIGP (Pp02, 04, 06-25)) and two external moulds of 
dorsal valves (NIGP (Pp03, 05)). 
 
Diagnosis.—Pentagonal outline, shallow sulcus, gradual geniculation and 
moderately developed rugae on ears. 
 
Description.—Medium to large in size for genus, wider than long, with the 
average length around 28 mm, average width around 35 mm, average length on the 
surface around 43 mm, strongly pentagonal to subpentagonal in outline; concavo-
convex with gradual geniculation; hinge line straight, marking the widest part of the 
shell; lateral sides steep and rounded; anterior margin gently rounded; anterior 
commissure broadly rounded or slightly folded medially toward dorsal valve; surface 
costate with concentric rugae on visceral disk and ears; spines few, only on ventral 
valve. 
Ventral valve moderately to strongly convex in lateral profile, the greatest 
convexity at about one third the length of the shell from the beak, anterior profile 
flatly or gently convex; visceral disk broadly large; beak strongly incurved, slightly 
overhanging the hinge line; umbonal region strongly convex; umbonal slopes very 
steep and slightly concave; lateral slopes extremely steep; ears small and slightly 
convoluted, demarcated from visceral disk by steep slopes; cardinal extremities nearly 
at right angle; geniculation obscurely beginning at about one third of shell length from 
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posterior, gradually developed toward anterior margin, with broad and weakly convex, 
medianly sulcate trail; median sulcus originating a little anterior to umbo, narrow and 
shallow, getting wider anteriorly; some specimens with weak cincture; external costae 
fine, about five to six in 5 mm at midlength; rugae weakly to moderately developed 
on the visceral disk and flanks, slightly stronger on ears, indistinct or absent on 
anterior part; spines few, six larger spines roughly symmetrically arranged on trail, 
flanks and ears, a few additional small spines scattered on trail and flanks; nasute 
extension only observed on anterior margin of some adult specimens, generally small 
and weakly developed. 
Dorsal valve moderately to deeply concave in lateral profile; geniculation 
beginning a little posterior to midvalve; trail slightly concave; median fold low and 
broad, originating slightly anterior to umbo; the surface ornamentation similar to that 
of ventral valve, but with weak reticulation on visceral disk; lacking spines on dorsal 
valve. 
Interiors not observed.  
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Pp 01) 
NIGP(Pp 02) 
NIGP(Pp 03) 
NIGP(Pp 04) 
NIGP(Pp 05) 
27.30 
31.86 
28.88 
26.05 
29.22 
35.03 
38.80 
36.16 
33.51 
32.76 
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NIGP(Pp 06) 
NIGP(Pp 07) 
NIGP(Pp 08) 
NIGP(Pp 09) 
NIGP(Pp 10) 
NIGP(Pp 11) 
NIGP(Pp 12) 
NIGP(Pp 13) 
NIGP(Pp 14) 
NIGP(Pp 15) 
NIGP(Pp 16) 
NIGP(Pp 17) 
NIGP(Pp 18) 
NIGP(Pp 19) 
NIGP(Pp 20) 
NIGP(Pp 21) 
NIGP(Pp 22) 
NIGP(Pp 23) 
NIGP(Pp 24) 
NIGP(Pp 25) 
25.80 
29.75 
29.01 
25.93 
26.66 
35.38 
28.79 
27.83 
24.96 
28.41 
28.04 
29.80 
27.53 
28.33 
26.82 
27.40 
24.25 
24.85 
26.31 
29.50 
38.46 
33.55 
33.61 
35.78 
41.96 
40.88 
38.70 
34.80 
33.18 
36.15 
32.16 
35.98 
34.98 
34.72 
31.83 
37.64 
32.03 
35.70 
31.23 
31.33 
 
Etymology.—pentagona, Latin, means pentagonal, refers to its relatively 
pentagonal outline. 
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Discussion.—This new species is characterised by its strongly pentagonal or 
subpentagonal outline, and gradual geniculation with shallow sulcus. Paramarginifera 
clarkei (Tschernyschew, 1902, p. 328, 651, pl. 47,  6-7; pl. 58, figs 1-3) resembles the 
present new species in its pentagonal outline, but differs by its finer costae and no 
rugae present on the ears. P. nativa, described above, can be readily distinguished by 
its smaller size, more prominent reticulation on the ventral visceral disk and its 
distinct cincture.  
 
Occurrence.—HV-5, 7, 8, 14; Hovsugol section, Kungurian.  
 
Paramarginifera convexa new species 
Plate 8, Figures 15-35; Plate 9, Figures 1-36; Plate 10, Figures 1-7 
 
Holotype.— A ventral valve NIGP (Pc01)) from bed 5 of Hovsugol section 
(Plate 8, Figs 15-17). 
 
Other material examined.— Twenty-six specimens. Registered specimens: 
seventeen ventral valves (NIGP (Pc02, 05-08, 10-13, 15-18, 20, 22, 25, 27)); one 
dorsal valve (NIGP (Pc14)) and eight external moulds of dorsal valves (NIGP (Pc03-
04, 09, 19, 21, 23-24, 26)).  
 
Diagnosis.— Medium sized, subpentagonal or subrectangular in outline, 
extremely convex Paramarginifera with shallow sulcus and small ears. 
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Description.— Shell medium in size, juvenile specimens smaller, wider than 
long, adult specimens with an average length around 22 mm, an average width around 
34 mm, and an average length on the surface around 39 mm; subpentagonal or 
subrectangular in outline; concavo-convex with nearly abrupt geniculation; hinge line 
straight, indicating the widest part of the shell; lateral sides steep and rounded; 
anterior margin broadly rounded; anterior commissure weakly folded in dorsal 
direction; surface costae with weak to moderately developed concentric rugae on 
posterior part of the shell; few spines only on ventral valve. 
Ventral valve highly convex in lateral profile, the most convex part around the 
midvalve or slightly posterior to the midvalve, anterior profile strongly convex; 
visceral disk strongly inflated; beak strongly incurved, overhanging the hinge line for 
about 2 mm; umbonal region convex, widening rapidly into visceral disk; umbonal 
slopes very steep and slightly concave; lateral slopes extremely steep; ears small with 
weak rugae, well demarcated from visceral disk by steep slopes; cardinal extremities 
triangular at 75°-80°; geniculation abruptly beginning at around the midvalve, broadly 
and strongly convex with medianly weak sulcate trail; median sulcus originating on 
anterior side of umbonal region and extending to front margin, shallow and ill-defined; 
external costae fine, about six to seven in 5 mm at midlength, bifurcating on trail; 
rugae weak on the visceral disk, flanks and ears, absent on anterior part; six large 
spines almost symmetrically placed on each side of median sulcus, and on each flank 
and ear, several other small spines randomly scattered on trail and flanks. 
Dorsal valve deeply concave, with deep corpus cavity, the maximum 
concavity slightly posterior to geniculation; geniculation taking place about the 
midvalve, approximating right angle; trail moderately concave; ears small in size, 
well demarcated; flanks and anterior steep; median fold low and broad, originating on 
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posterior part of visceral disk; the surface marking similar to those on the ventral 
valve, but with moderately developed reticulation on the visceral disk; no spines on 
dorsal valve. 
Except ventral interior with obscure diductor scars, no other internal structures 
observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Pc 01) 
NIGP(Pc 02) 
NIGP(Pc 03) 
NIGP(Pc 04) 
NIGP(Pc 05) 
NIGP(Pc 06) 
NIGP(Pc 07) 
NIGP(Pc 08) 
NIGP(Pc 09) 
NIGP(Pc 10) 
NIGP(Pc 11) 
NIGP(Pc 12) 
NIGP(Pc 13) 
NIGP(Pc 14) 
NIGP(Pc 15) 
22.62 
21.93 
22.61 
22.03 
28.07 
21.62 
21.56 
18.83 
25.38 
21.45 
22.75 
22.84 
20.43 
17.93 
22.32 
37.88 
37.11 
33.51 
33.56 
44.20 
33.28 
33.20 
34.16 
36.23 
30.56 
32.46 
29.60 
31.54 
31.33 
30.02 
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NIGP(Pc 16) 
NIGP(Pc 17) 
NIGP(Pc 18) 
NIGP(Pc 19) 
NIGP(Pc 20) 
NIGP(Pc 21) 
NIGP(Pc 22) 
NIGP(Pc 23) 
NIGP(Pc 24) 
NIGP(Pc 25) 
NIGP(Pc 26) 
NIGP(Pc 27) 
20.20 
20.42 
23.57 
21.99 
23.22 
18.93 
23.22 
22.71 
19.22 
23.54 
21.32 
21.99 
33.18 
29.07 
32.64 
32.68 
32.82 
32.85 
34.39 
38.04 
32.76 
32.29 
33.53 
35.14 
 
Etymology.—convexa, Latin, means convex, here refers to its strong convexity. 
 
Discussion.—The extreme convexity of Paramarginifera convexa easily 
distinguishs it from any other species in the genus. Even the small juvenile specimens 
have a highly convex nature. P. pentagona described above is larger in size, strongly 
pentagonal in outline and much lower in convexity than P. convexa. Judging from the 
figures, Paramarginifera auritus Lee and Gu (1976, p. 250, pl. 169, figs 1-2, 4) from 
the Zhesi Formation of central Inner Mongolia, China bears some resemblances to the 
present new species, but differs by having some special costae on ventral valve and 
regular concave pits on the dorsal valve. 
 
Occurrence.—HV-5, 7, 8, 14, 15; Hovsugol section, Kungurian. 
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Paramarginifera sulcata new species 
Plate 10, Figures 8-38; Plate 11, Figures 1-15 
 
Holotype.—A ventral valve NIGP (Ps01) from bed 14 of Hovsugol section 
(Plate 10, Figs 8-10). 
 
Other material examined.— Twenty-two specimens. Registered specimens: 13 
ventral valves (NIGP (Ps02, 05, 10-13, 15-19, 21-22)); five internal moulds of ventral 
valves (NIGP (Ps04, 08-09, 14, 23)) and four external moulds of dorsal valves (NIGP 
(Ps03, 06-07, 20)). 
 
Diagnosis.— Shell medium in size, subpentagonal outline, relatively deep and 
narrow sulcus, gentle geniculation and weak rugae on ears. 
 
Description.— Medium sized, wider than long, with the average length around 
24 mm, average width around 33 mm, average length on the surface around 36 mm, 
subpentagonal in outline; concavo-convex with gentle geniculation; hinge line straight 
as the widest part of the shell; lateral sides gently rounded; anterior margin broadly 
rounded; anterior commissure moderately to strongly folded medially in a dorsal 
direction; surface costae, with weakly concentric rugae on posterior part of the shell 
and ears; spines few, only on ventral valve. 
Ventral valve moderately convex in lateral profile, the greatest convexity 
about one third of the length from the beak, anterior profile broadly convex; visceral 
disk strongly inflated; beak strongly incurved, slightly protruding beyond the hinge 
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line; umbonal slopes moderately steep and slightly concave; lateral slopes 
continuously steep; ears small with weak rugae, demarcated from visceral disk by the 
umbonal slopes; geniculation gently beginning a little posterior to the midvalve, 
broadly and moderately convex with medianly deep sulcate trail; median sulcus 
originating on umbo, narrow and shallow, deepening anteriorly toward the anterior 
margin, sulcus floor narrowly rounded; some specimens with prominent cincture; 
external costae, about five to six in 5 mm at the midvalve; rugae barely perceptible on 
the visceral disk and flanks, very weak on ears; spines few, six large spines almost 
symmetrically arranged on trail, flanks and ears, a few smaller spines irregularly 
scattered on trail and flanks. 
Dorsal valve moderately concave in lateral profile, the greatest concavity 
around the point of geniculation; similar to the ventral valve, the dorsal geniculation 
gently begins slightly posterior to the midvalve; trail moderately concave; ears small 
and well demarcated; flanks and anterior sloping gently; median fold originating on 
the most posterior part of the visceral disk, low and narrow, but getting higher and 
broader anteriorly; surface costae similar to those on ventral valve, but with relatively 
fine and prominent reticulation on the visceral disk; no spines on the dorsal valve. 
Except for the incomplete adductor scars on the ventral valve, no other 
internal features were observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
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NIGP(Ps 01) 
NIGP(Ps 02) 
NIGP(Ps 03) 
NIGP(Ps 04) 
NIGP(Ps 05) 
NIGP(Ps 06) 
NIGP(Ps 07) 
NIGP(Ps 08) 
NIGP(Ps 09) 
NIGP(Ps 10) 
NIGP(Ps 11) 
NIGP(Ps 12) 
NIGP(Ps 13) 
NIGP(Ps 14) 
NIGP(Ps 15) 
NIGP(Ps 16) 
NIGP(Ps 17) 
NIGP(Ps 18) 
NIGP(Ps 19) 
NIGP(Ps 20) 
NIGP(Ps 21) 
NIGP(Ps 22) 
NIGP(Ps 23) 
25.03 
25.24 
19.58 
24.96 
22.82 
21.26 
21.31 
22.80 
20.94 
21.35 
26.78 
29.21 
30.15 
26.53 
25.60 
24.06 
25.96 
22.56 
23.29 
19.50 
23.86 
27.15 
22.16 
36.61 
35.65 
26.46 
30.52 
31.96 
31.78 
31.77 
31.95 
32.57 
30.59 
32.27 
32.20 
33.75 
35.03 
35.38 
32.32 
34.46 
33.83 
30.13 
29.14 
36.48 
36.53 
29.96 
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Etymology.—sulcata, Latin, means sulcate, this species name refers to its 
prominent ventral sulcus. 
 
Discussion.—This new species gives the appearance of having slightly coarser 
costae on the ventral valve than on the dorsal valve. It is readily recognized by its 
narrow and deep sulcus, gentle geniculation and very weak or barely perceptible 
rugae on the visceral region of the ventral valve. Paramarginifera pentagona and P. 
convexa, both have a wider and shallower median sulcus than the new species. Also, 
when compared with the type species P. clarkei (Tschernyschew, 1902, p. 328, 651, 
pl. 47, figs 6-7; pl. 58, figs 1-3; Muir-Wood and Cooper, 1960, p. 214, pl. 60, figs 11-
24; Brunton et al., 2000, p. 429, fig.281.1a-d), P. sulcata possesses a deeper ventral 
median sulcus and coarser costae on the surface of both valves. 
 
Occurrence.—HV-5, 7, 8, 14; Hovsugol section, Kungurian. 
 
Suborder PRODUCTIDINA Waagen, 1883 
Superfamily LINOPRODUCTOIDEA Stehli, 1954 
Family LINOPRODUCTIDAE Stehli, 1954 
Subfamily LINOPRODUCTINAE Stehli, 1954 
Genus Linoproductus Chao, 1927 
 
Type species.—Productus cora d‘Orbigny, 1842, p. 55, pl. 5, figs 8-9 from the Upper 
Carboniferous-Lower Permian of Patapatani, an island in Lake Titacaca, and at 
Yaurichambi, Bolivia. 
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Linoproductus Chao, 1927, p. 25, 128. 
Linoproductus Chao; Muir-Wood and Cooper, 1960, p. 296. 
 
Linoproductus lutkewitschi Stepanov, 1936 
Plate 11, Figures 16-28; Plate 12, Figures 1-25 
 
1936  Linoproductus lutkewitschi Stepanov, p. 121, pl. 1, fig. 5. 
1976  Linoproductus lutkewitschi Stepanov; Lee and Gu, p. 259, pl. 170, fig. 4. 
1991  Linoproductus lutkewitschi Stepanov; Manankov, p. 116, pl. 26, figs 10-13. 
2003  Linoproductus lutkewitschi Stepanov; Manankov, p. 116, pl. 42, figs 9-10. 
 
Materials.—Thirty-seven specimens. Registered specimens: thirteen ventral 
valves (NIGP (Ll01-06, 09-10, 12-14, 16-17)); three internal moulds of ventral valves 
(NIGP (Ll07-08, 15)) and one external mould of dorsal valve (NIGP (Ll11)). 
 
Description.—Average to large in size for genus, elongate or semicircular in 
outline; profile evenly convex; the greatest width along hinge line or slightly anterior 
to it; lateral sides gently rounded; anterior margin broadly rounded; surface finely 
costate, costae numbering about six to eight per 5 mm at anterior; spines few, slender 
spines scattered over ventral body, two rows of slightly coarser spines along hinge 
margin; ears strongly rugose, rugae formed by concentric undulations. 
Ventral valve evenly convex in lateral profile, most convexity around 
midvalve or slightly posterior, anterior profile nearly rounded dome; visceral disk 
inflated; beak small and strongly incurved, slightly overhanging across the hinge line; 
umbonal region low and gently swollen, not projecting beyond the hinge line, with 
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short and moderately steep, umbonal slopes; lateral slopes continuously steep; median 
region highly swollen; ears of most specimens damaged, small and well demarcated, 
strongly corrugated, undulations extending in concentric bands on lateral slopes but 
dying out medially; trail long and gently curved from visceral disk without distinct 
geniculation; median sulcus absent; the external surface finely costae, radial costellae 
well rounded, 10 in 5 mm at 10 mm from umbo, 8 in 5 mm at midlength, increasing 
anteriorly by frequent intercalation, separated by interspaces of equal or slightly 
narrower width; the costellae on a few specimens sometimes weakly twisting; two 
rows of large spines along hinge margin, smaller spines sparsely scattered across the 
ventral valve. 
Dorsal valve moderately to deeply concave, maximum concavity near 
midvalve, geniculation not abrupt; lateral regions moderately concave; trail flatly 
concave; median fold indistinct or absent; external ornament similar to that on ventral 
valve, but with slightly finer costellae, and very weak rugae crossing visceral disk; no 
spines observed. 
Ventral valve interior with slightly raised adductor platform, long and broad, 
about 7 mm wide and 11 mm long, weakly dendritic posteriorly and striated anteriorly, 
divided by median myophragm; diductor scars flabellate and ridged longitudinally; 
dorsal valve interior unknown. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
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NIGP(Ll 01) 
NIGP(Ll 02) 
NIGP(Ll 03) 
NIGP(Ll 04) 
NIGP(Ll 05) 
NIGP(Ll 06) 
NIGP(Ll 07) 
NIGP(Ll 08) 
NIGP(Ll 09) 
NIGP(Ll 10) 
NIGP(Ll 11) 
NIGP(Ll 12) 
NIGP(Ll 13) 
NIGP(Ll 14) 
NIGP(Ll 15) 
NIGP(Ll 16) 
36.06 
39.31 
28.42 
34.65 
28.15 
31.07 
27.77 
34.00 
28.60 
39.41 
25.44 
25.43 
34.00 
37.20 
32.01 
27.86 
40.77 
40.39 
36.26 
43.96 
37.63 
42.35 
37.85 
42.83 
33.89 
42.92 
26.22 
37.15 
46.27 
45.90 
38.75 
32.70 
 
Discussion.—Manankov (1991, 2003) described specimens of this species 
from the Hovsugol area of Mongolia, the same area as our present materials were 
collected from, but Manankov only figured four of his 27 specimens. Our specimens 
are largely comparable with those described by Manankov in all observable aspects. L. 
lutkewitschi bears some resemblances to the type species L. cora d‘Orbigny 
(Kozlowski, 1914, p. 48, pl. 4, fig. 19, pl. 5, fig. 5, pl. 6, figs 1-10; Muir-Wood and 
Cooper, 1960, pl. 111, figs 3-6; Brunton et al., 2000, p. 527, fig.365.1a-f), but the 
latter is easily distinguished by its much larger spines on the ventral valve and 
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prominent rugae on the dorsal valve. L. superba (Reed, 1944, p. 56, pl. 16, figs 4, 4a) 
from the top of the Middle (or base of the Upper) Productus Limestone of the Salt 
Range, Pakistan differs from L. lutkewitschi by its larger size and more convex ventral 
valve. The species of L. philocrinus Stehli (1954, p. 319, pl. 21, figs 6-10) from the 
lower Bone Spring Formation in the Sierra Diablo Mountains of West Texas, USA 
resembles the present species in possessing wrinkled ears, but the former can be easily 
recognized by an absence of body spines, and by possessing a strong fold and sulcus. 
 
Occurrence.—HV-5, 8, 13, 14; Hovsugol section, Kungurian. 
 
Linoproductus planiconvexus new species 
Plate 12, Figures 26-28; Plate 13, Figures 1-13 
 
Holotype.—A ventral valve NIGP (Lp01) from bed 13 of Hovsugol section 
(Plate 12, Figs 26-27). 
 
Other material examined.—Eight specimens. Registered specimens: seven 
ventral valves (NIGP (Lp02-07, 09)) and an internal mould of ventral valve (NIGP 
(Lp08)). 
 
Diagnosis.—Large in size, oval outline, very low convexity, median sulcus on 
ventral valve absent, moderately developed rugae on ears. 
 
Description.— Shell large in size with low convexity, oval in outline; profile 
weakly convex; wider than long, maximum width at midvalve or a little posterior to 
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midvalve; lateral sides irregularly rounded; anterior margin broadly to transversely 
rounded; surface finely costate, the costae numbering about seven to nine per 5 mm at 
anterior part; spines rare, occasionally several slender spines placed on ventral valve, 
large spines appear in a double row along hinge margin; ears moderately rugose. 
Ventral valve weakly convex in lateral profile, the whole valve with very 
similar convexity, anterior profile nearly flat or weakly domed; beak low and obtusely 
rounded, scarcely projecting beyond the hinge line; umbonal region low and weakly 
swollen, with short and gently inclined to moderately steep umbonal slopes; lateral 
slopes gently inclined; ears of some specimens damaged or deformed, generally small 
and well demarcated by a groove, moderately corrugated, undulations extending in 
concentric bands on posterolateral slopes, dying out quickly toward anterolateral 
slopes; median sulcus absent; the external surface covered entirely with rather fine 
costae, radial costellae rounded, increasing from beak to anterior margin by 
intercalation, numbering about 9 in 5 mm at 10 mm from umbo, 7 in 5 mm at 
midlength, the interspaces of these costellae slightly wider than costae; a double row 
of large and suberect spines along hinge margin, very few spines observed on the rest 
of the valve. 
Dorsal valve unknown. 
Ventral valve interior with large diductor scars, longitudinally striate; adductor 
scars a little more posteriorly placed, long and dendritic; other internal structures not 
observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
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Specimen no. L W 
NIGP(Lp01) 
NIGP(Lp02) 
NIGP(Lp03) 
NIGP(Lp04) 
NIGP(Lp05) 
NIGP(Lp06) 
NIGP(Lp07) 
NIGP(Lp08) 
NIGP(Lp09) 
41.76 
32.00 
31.26 
37.15 
40.09 
35.70 
39.89 
31.17 
42.26 
42.72 
45.42 
43.72 
39.18 
43.23 
41.59 
40.99 
39.37 
46.76 
 
Etymology.—plani, Latin, means flat, convexus, Latin, means convex, well-
rounded, altogether refers to its low convexity. 
 
Discussion.—The most characteristic features of the present new species are 
the very low convexity of the ventral valve, the moderately rugose ears and the 
absence of a median sulcus. The species named Linoproductus meniscus by Dunbar 
and Condra (1932, p. 255, pl. 30, figs 4-5) from the Home Creek Limestone of the 
Canyon Group is said to have low convexity and very few spines, but it is still more 
convex than L. planiconvexus in lateral profile and has more prominent spine bases on 
the ventral valve. Though the surface costae of L. latiplanus Ivanov (1935, p. 44, pl. 6, 
fig. 7) is very similar to the present new species, the lateral view of L. latiplanus in 
figure 7b obviously indicates its very strong convexity. L. antiqua Stepanov (1948, p. 
21, pl. 4, figs 5-6) from the Early Permian of Zilime, Russia has a similar outline and 
external ornamentation to L. planiconvexus, but the former seems to have a larger size 
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and less rugaose ears. Further comparisons between the two species are hindered 
because Stepanov did not show the lateral view of L. antiqua in the plate. L. 
planiventralis Hoare (1960, p. 228, pl. 32, figs 1-3) from the Late Carboniferous of 
southwest Missouri, USA closely resembles the present new species in having a 
pronounced mesial flattening and very few spines on the ventral valve, but in 
comparison has large ears with strong wrinkles and strong lengthwise convexity of the 
ventral valve. L. kentrometopon Gauri (1965, p. 75, pl. 14, figs 6-8) from the Uralian 
of the Western Carnic Alps, Austria, bears some resemblances to L. planiconvexus, 
but differs in the presence of a transverse row of 2-3 spines near the anterior margin 
of the ventral valve. This new species also differs from L. planata Jin and Liao (1974, 
p. 281, pl. 146, figs 10-11), from the Weining Formation of Guizhou Province, China, 
mainly by the presence of much coarser costae.  
 
Occurrence.—HV-5, 8, 13, 14; Hovsugol section, Kungurian. 
 
Linoproductus sp.1 
Plate 13, Figures 14-20 
 
Materials.—Three specimens. Registered specimens: three ventral valves 
(NIGP (Ls1.01-03)). 
 
Description.—Shell medium size for genus, elongate oval in outline; 
moderately convex in lateral profile; wider than long, the greatest width around 
midvalve; lateral sides evenly rounded; anterior margin broadly rounded; hinge line 
straight, slightly narrower than the width at midvalve; ears small and weakly wrinkled. 
163  
Ventral valve with low and flat umbo, umbonal slopes short and gently 
inclined; lateral slopes moderately steep; median sulcus absent; fine costae on surface, 
costellae nearly straight with narrower interspaces, increasing in number by 
intercalation, about 9 in 5 mm at midlength; some concentric rugae weakly visible on 
lateral slopes and ears; few spines on ventral valve, but a double row of large spines 
along hinge margin. 
Dorsal valve and internal structures unknown. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Lsp.1.01) 
NIGP(Lsp.1.02) 
NIGP(Lsp.1.03) 
23.25 
22.74 
18.79 
27.35 
27.67 
31.12 
 
Discussion.—One of the ventral valves (NIGP Ls1.03) is slightly more convex 
in lateral profile than the others, but this specimen seems to have been squeezed 
longitudinally, so it appears to be largely comparable with the other two ventral 
valves. The Mongolian specimens are very similar to Linoproductus simensis 
(Tschernyschew, 1902, p. 626, pl. 35, fig. 7; pl. 55, figs 2-5) from the Schwagerina 
limestone of the Ural Mountains and Timan, a common species of the Lower Permian 
(Tschernyschew, 1902; Chao, 1927; Grabau, 1936; Wang et al., 1964; Liao, 1979; 
Lee et al., 1986). They both share fine costae and have an oval outline, but the 
specimens of L. simensis have finer costellae, stronger convexity, and a long trail with 
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a raised ridge along the longitudinal axis. The species of L. tenuistriatus (Verneuil) 
described by Chao (1927, p. 135, pl. 14, figs 5, 9-12) from the Visean limestone of 
Yunnan and Choniukou limestone of Kansu, China is also similar to the present 
specimens in size and general outline, but L. tenuistriatus has finer and denser costae, 
stronger convexity of the ventral valve and prominent wrinkles on the lateral slopes 
and ears. L. shabulengensis Lee and Gu (1980a, p. 377, pl. 169, figs 8-9) from the 
Middle Permian of Shabuleng in Liaoning Province, northeast China, is also readily 
distinguishable from Linoproductus sp. 1 by its lower convexity and larger ears. L. 
duanwuensis Hu and Jin (1983, p. 343, pl. 2, figs 9-10) from the Hsiaochiangpien 
limestone in southern Jiangxi Province, China differs from the present specimens by 
its distinct larger size and the presence of only one row of spines along hinge line. 
Perhaps the most similar form to the present specimens is L. zimkini Abramov (1970, 
p. 123, pl. 4, figs 18-21) from the Ekachanskaja Formation of Sette-Daban in southern 
Verkhoyan, Russia, but our specimens are not well enough preserved to make 
adequate comparison, so further samples are needed. 
 
Occurrence.—HV-5, 8; Hovsugol section, Kungurian. 
 
Linoproductus sp.2 
Plate 13, Figures 21-28 
 
Materials.—Four specimens, all ventral valves. Registered specimens: three 
deformed ventral valves (NIGP (Ls2.01-02, 04)) and an internal mould of a ventral 
valve (NIGP (Ls2.03)). 
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Description.—The specimens are transversely deformed; medium to large in 
size, narrow and highly swollen in shape in ventral view; high convexity in lateral 
profile, anterior profile narrowly arched; deformed width much shorter than length; 
lateral sides irregularly curved; anterior margin narrowly squeezed into a V-shape; 
hinge line straight; ears strongly wrinkled, the concentric wrinkles extending on 
lateral slopes and dying out medially. 
Ventral beak crushed; umbonal region highly inflated, umbonal slopes long 
and steep; lateral slopes also long and steep as the shell is severely deformed; median 
sulcus absent; external surface finely costate, the costae increase in number mainly by 
intercalation; two rows of indistinct spines occurring along the hinge margin, a few 
spines on the rest of the valve. 
Dorsal valve and the internal structures unobserved. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Lsp.2.01) 
NIGP(Lsp.2.02) 
NIGP(Lsp.2.03) 
NIGP(Lsp.2.04) 
35.15 
30.37 
25.21 
21.28 
21.70 
19.80 
21.50 
15.70 
 
Discussion.—The four specimens were badly distorted or crushed, these 
postmortem alterations made them hardly comparable to any other species in the 
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genus. However, the features described above indicate that these specimens belong to 
the genus Linoproductus. 
 
Occurrence.—HV-5, 7; Hovsugol section, Kungurian. 
 
Subfamily GRANDAURISPININAE Lazarev, 1986 
Genus Cancrinella Fredericks, 1928 
 
Type species.—Productus cancrini de Verneuil, 1845, p. 273, pl. 16, figs 8a-c; pl. 18, 
fig. 7 from Lower Permian of Kidash and Dioma rivers, Chidrova in Russia. 
 
Cancrinella Fredericks, 1928, p. 784, 791. 
Cancrinella Fredericks; Sarycheva, 1937, p. 78, 110. 
Cancrinella Fredericks; Muir-Wood and Cooper, 1960, p. 301. 
Cancrinella Fredericks; Grigoryeva, 1962, p. 47. 
Cancrinella Fredericks; Cooper and Grant, 1975, p. 1150. 
Cancrinella Fredericks; Shi and Waterhouse, 1996, p. 95. 
Cancrinella Fredericks; Chen and Shi, 2002, p. 311. 
 
Discussion.—Cancrinella was proposed by Fredericks in 1928 with Productus 
cancrini Verneuil (1845, p. 273) as the type species. Originally, Verneuil (1845) did 
not show any spinosity on the dorsal valve of the type species from Russia. Since then, 
many descriptions, amendments and discussions have been made to this genus (such 
as: Sarycheva, 1937; Muir-Wood and Cooper, 1960; Grigoryeva, 1962; Cooper and 
Grant, 1975; Shi and Waterhouse, 1996). For the dorsal spines, Grigoryeva (1962) 
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recorded several species which provide clear illustration of the dorsal spines. These 
species include Cancrinella cancrini (Grigoryeva, 1962, p. 50, pl. 11, figs 1-10; pl. 15, 
fig. 1; pl. 16, figs 1-2), C. hemisphaeroidalis (Grigoryeva, 1962, p. 53, pl. 12, figs 1-
6), C. pseudojulfaensis (Grigoryeva, 1962, p. 56, pl. 10, figs 9-10) and C. ledjensis 
(Grigoryeva, 1962, p. 58, pl. 10, figs 6-8). Furthermore, Waterhouse (1980, p. 45) 
confirmed the presence of dorsal spines of Cancrinella. At the same time, Waterhouse 
(1980, p. 45) suggested that the species previously assigned to Cancrinella lacking 
dorsal spines should be placed in another genus, which Waterhouse later named 
Costatumulus Waterhouse 1983a. Thus, the major difference between Cancrinella 
and Costatumulus is the presence of dorsal spines, as the former has dorsal spines 
while the latter has no dorsal spines. 
Magniplicatina Waterhouse (1983b) also appears very similar to Cancrinella, 
but differs in having a much larger size, stronger rugae on the ventral valve and wider 
spaced ventral spines. 
 
Distribution and age: In a broad view, Cancrinella is globally distributed, but 
it is more frequently reported from the Northern Transitional Zone and the Boreal 
Realm; Early Carboniferous (Tournaisian) to Late Permian (Changhsingian). 
 
Cancrinella cancriniformis (Tschernyschew, 1889) 
Plate 14, Figures 1-25; Plate 15, Figures 1-8 
1889  Productus cancriniformis Tschernyschew, p. 283, pl. 7, figs 32-33. 
1897a Productus cancriniformis Tschernyschew; Diener, p. 25, pl. 4, figs 6-7. 
1897b Productus cancriniformis Tschernyschew; Diener, p. 41, pl. 1, figs 7-10. 
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1902  Productus cancriniformis Tschernyschew; Tschernyschew, p. 629, pl. 52, figs 
5-6. 
1925  Productus cancriniformis Tschernyschew; Reed, p. 24, pl. 5, figs 7-8. 
1927  Linoproductus cancriniformis (Tschernyschew); Chao, p. 139, pl. 14, fig. 13. 
1928  Linoproductus cancriniformis (Tschernyschew); Chao, p. 65, pl. 5, figs 8-9. 
1931  Linoproductus cf. cancriniformis (Tschernyschew); Ozaki, p. 145, pl. 13, figs 
6-7. 
1932  Linoproductus cancriniformis (Tschernyschew); Huang, p. 42, pl. 3, fig. 7. 
1952  Cancrinella cancriniformis (Tschernyschew); Sarycheva and Sokolskaya, p. 
111, pl. 20, fig. 137. 
1955  Linoproductus cancriniformis (Tschernyschew); Wang, p. 158, pl. 91, figs 22-
24. 
1963  Cancrinella cancriniformis (Tschernyschew); Ustritsky, p. 84, pl. 13, figs 6-8; 
pl. 14, figs 1-5. 
1964  Cancrinella cancriniformis (Tschernyschew); Wang, Jin and Fang, p. 330, pl. 
52, figs 4-5. 
1974  Cancrinella cancriniformis (Tschernyschew); Jin et al., p. 281, pl. 147, fig. 4. 
1976  Cancrinella cancriniformis (Tschernyschew); Lee and Gu, p. 262, pl. 151, fig. 
10. 
1978  Cancrinella cancriniformis (Tschernyschew); Feng and Jiang, p. 262, pl. 93, fig. 
4. 
1979  Cancrinella cancriniformis (Tschernyschew); Liao, pl. 2, fig. 29. 
1980  Cancrinella cancriniformis (Tschernyschew); Kalashnikov, p. 50, pl. 10, figs 3-
6. 
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1983 Cancrinella cancriniformis (Tschernyschew); Zhang et al., p. 296, pl. 120, fig. 4; 
pl. 128, fig. 3. 
1983  Cancrinella cancriniformis (Tschernyschew); Ding and Qi, p. 290, pl. 99, fig. 5. 
1984  Cancrinella cancriniformis (Tschernyschew); Lee, Gu and Li, pl. 1, fig. 9; pl. 2, 
fig. 6. 
1985 Cancrinella cancriniformis (Tschernyschew); Lee and Duan, p. 239, pl. 75, figs 
2-5. 
1991  Cancrinella cancriniformis (Tschernyschew); Pavlova et al., p. 114, pl. 26, figs 
5-6, 8, 14. 
1995  Cancrinella cancriniformis (Tschernyschew); Wang, pl. 2, fig. 1. 
2002  Cancrinella cancriniformis (Tschernyschew); Chen and Shi, p. 312, figs 4D, G, 
I, L. 
 
Materials. — Thirty-eight specimens. Registered specimens: one conjoined 
shell (NIGP 154340); four ventral valves (NIGP 154341-154344); six internal moulds 
of ventral valves (NIGP 154345-154350); three dorsal valves (NIGP 154351-154353) 
and seventeen external moulds of dorsal valves (NIGP 154354-154370). 
 
Description. — Shell medium size for genus, subquadrate to slightly 
suborbicular in outline; moderately concavo-convex, wider than long, with greatest 
width nearly equal to the hinge line; ears relatively small but obvious; anterior margin 
broadly rounded; surface finely costate with distinct rugae; spines on both ventral and 
dorsal valves. 
Ventral valve moderately to strongly convex in lateral profile, the greatest 
convexity around the posterior third of shell length; visceral disk short and small; 
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hinge line very straight, usually the greatest shell width; umbonal region small, 
incurved and well inflated with short and steep umbonal slopes; lateral slopes 
moderately steep; beak pointed, strongly incurved, extending slightly beyond hinge 
line; ears small, and well demarcated from visceral disk; flanks moderately inclined; 
no ventral sulcus developed; surface with fine costae, regularly and closely spaced, 
increasing by intercalation at anterior, crossed by distinct concentric rugae; rugae 
strongest on ears and lateral slopes, extending over the whole valve, but slightly lower 
and split over median portion of valve, strongly raised near hinge line; hinge spines 
distinct, about 6 to 7 on each side; body spines moderately abundant, fine and 
moderately long, usually recumbent and oblique anteriorly. 
Dorsal valve moderately to deeply concave with relatively large broad visceral 
disk and short trail anteriorly; some specimens slightly geniculate, some with abrupt 
geniculation; no dorsal fold; ears moderately small and flat; costellae similar to costae 
on the ventral valve, but the rugae are more prominent, strongest on ears and lateral 
slopes, lower over median portion; fewer spines than on the ventral valve. 
Interior of ventral valve not well preserved, only parts of adductor scars and 
diductor scars observed; interior of dorsal valve with small sessile, bilobate cardinal 
process; short breviseptum; adductors not clear. 
 
Measurements (in mm): — (L = length, W = width, T = thickness, HW = 
hinge width, IH = interarea height). 
 
Specimen no. L W T 
NIGP 154340 
NIGP 154341 
13.84 
17.71 
15.20 
23.31 
4.45 
- 
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NIGP 154342 
NIGP 154343 
NIGP 154344 
NIGP 154345 
NIGP 154346 
NIGP 154347 
NIGP 154348 
NIGP 154349 
NIGP 154350 
NIGP 154351 
NIGP 154352 
NIGP 154353 
NIGP 154354 
NIGP 154355 
NIGP 154356 
NIGP 154357 
NIGP 154358 
NIGP 154359 
NIGP 154360 
NIGP 154361 
NIGP 154362 
NIGP 154363 
NIGP 154364 
NIGP 154365 
NIGP 154366 
18.60 
18.09 
13.69 
15.49 
17.12 
14.46 
19.08 
15.12 
13.97 
15.27 
13.09 
14.36 
11.73 
11.01 
14.55 
11.50 
10.73 
12.68 
13.45 
10.73 
15.87 
11.27 
12.59 
14.12 
14.20 
- 
20.52 
14.98 
18.14 
17.97 
18.66 
21.48 
22.37 
19.27 
17.02 
18.72 
18.53 
14.74 
17.54 
17.47 
12.86 
13.62 
14.65 
15.12 
12.86 
18.27 
13.83 
15.24 
19.25 
18.96 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
172  
NIGP 154367 
NIGP 154368 
NIGP 154369 
NIGP 154370 
13.15 
16.59 
14.21 
12.51 
24.79 
23.40 
18.90 
14.40 
- 
- 
- 
- 
 
Discussion. — The present specimens are very close or identical to the 
specimens described and illustrated as Cancrinella cancriniformis by Pavlova et al. 
(1991, p. 114, pl. 26, figs 5-6, 8, 14). The two samples were collected from the same 
area of Hovsogol, in southeast Mongolia. 
According to the original description and illustration, many specimens 
previously assigned to the species Cancrinella cancriniformis do not belong to the 
genus Cancrinella, but belong to the genus Costatumulus. One of the major 
differences between the two genera are the dorsal spines. Species of Cancrinella have 
dorsal spines while species of Costatumulus have no dorsal spines but have dimples 
or pits on the dorsal valve. Although the type specimens of Cancrinella 
cancriniformis (Tschernyschew, 1889, p. 283, pl. 7, figs 32-33) from the Asselian of 
the Bijas River, south Urals, did not give much information about the precise details 
of the dorsal spines, we follow the opinion used by most authors, and presume that 
Cancrinella cancriniformis has dorsal spines. Thus, the species described as 
Cancrinella cancriniformis by Yanagida (1967, p. 59, pl. 18, figs 1-8), Waterhouse 
(1981, p. 86, pl. 17, figs 10-12; pl. 18, figs 1-5), Shi and Waterhouse (1996, p. 96, pl. 
17, figs 1-9) and Wang and Yang (1998, p. 101, pl. 17, figs 32, 50-52) are referred to 
Costatumulus because they lack dorsal spines according to their original description. 
 
Occurrence. — HV-5, 7, 8, 14, 15; Hovsugol section, Kungurian. 
173  
 
Cancrinella pseudotruncata Ustritsky, 1960a 
Plate 15, Figures 9-27; Plate 16, Figures 1-6 
1960a Cancrinella pseudotruncata Ustritsky, p. 36, pl. 6, figs 10-13; pl. 7, figs 1-3. 
1976  Cancrinella pseudotruncata Ustritsky; Lee and Gu, p. 262, pl. 158, fig. 7; pl. 
166, figs 4, 7. 
1984  Cancrinella pseudotruncata Ustritsky; Lee, Gu and Li, pl. 3, fig. 8. 
1991  Cancrinella pseudotruncata Ustritsky; Pavlova et al., p. 115, pl. 27, figs 4-5, 11. 
 
Materials. — 47 specimens. Registered specimens: two conjoined valves 
(NIGP 154371-154372); four ventral valves (NIGP 154373-154376); nine internal 
moulds of ventral valves (NIGP 154377-154385); one dorsal valve (NIGP 154386) 
and three external moulds of dorsal valves (NIGP 154387-154389). 
 
Description. — Small to medium shell size with suborbicular outline; strongly 
concavo-convex, wider than long, and the greatest width roughly equal to the hinge 
line or slightly anterior; ears small and moderately flat; anterior margin rounded; 
surface finely costate with moderately developed rugae; spines on both valves. 
Ventral valve strongly or highly convex in lateral profile, the maximum 
convexity occurring between midvalve and posterior third of shell length; some 
specimens highly convex, while others evenly convex toward anterior margin; 
visceral disk relatively small; hinge line straight, mostly equal to the greatest shell 
width; umbonal region small, strongly incurved with short and very steep umbonal 
slopes; lateral slopes long and steep; beak pointed and strongly incurved, extending 
beyond hinge line about 1 mm; ears small, well demarcated from visceral region by a 
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groove; flanks strongly steep; no sulcus on ventral valve; surface marked by fine 
costellae and concentric rugae; costellae regularly and closely spaced, increasing by 
intercalation toward anterior margin; rugae strongest on ears and lateral slopes, 
weaker and irregular on venter; spines numerous, very fine and long, usually swollen 
at base, arising at a low angle to shell surface, and recumbent anteriorly. 
Dorsal valve moderately concave in the visceral region, and slight 
geniculation close to anterior margin; ears small and flat, with gently sloping sides; 
similar costellae to ventral valve; rugae strong on ears and margins, becoming weaker 
on the visceral part; dorsal spines recumbent anteriorly, less than on ventral valve. 
Ventral interior with poorly preserved adductor scars and diductor scars; 
dorsal interior with small sessile observed; other features not clear. 
Measurements (in mm): — (L = length, W = width, T = thickness, HW = 
hinge width, IH = interarea height). 
 
Specimen no. L W T 
NIGP 154371 
NIGP 154372 
NIGP 154373 
NIGP 154374 
NIGP 154375 
NIGP 154376 
NIGP 154377 
NIGP 154378 
NIGP 154379 
NIGP 154380 
16.05 
13.26 
13.94 
7.97 
12.90 
11.67 
16.69 
11.13 
17.25 
12.49 
17.26 
14.53 
14.42 
11.24 
15.79 
13.69 
22.16 
14.16 
18.28 
15.94 
7.76 
7.78 
- 
- 
- 
- 
- 
- 
- 
- 
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NIGP 154381 
NIGP 154382 
NIGP 154383 
NIGP 154384 
NIGP 154385 
NIGP 154386 
NIGP 154387 
NIGP 154388 
NIGP 154389 
16.51 
14.97 
16.13 
14.73 
13.03 
9.32 
12.62 
10.62 
14.29 
18.34 
15.79 
17.59 
18.95 
15.51 
13.27 
19.79 
14.25 
17.88 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion. — This species was first proposed by Ustritsky in 1960a from the 
lower Permian of the Kunlun Mountains, northwest China. At that time, Ustritsky 
gave a clear external description of the specimens available to him, but did not 
provide much information on the internal structures. The present specimens agree 
well with Ustritsky‘s description. Also, Pavlova et al. (1991, p. 115, pl. 27, figs 4-5, 
11) described Cancrinella pseudotruncata from the Hovsugol region in southeast 
Mongolia, the same horizon that the present specimens were collected from. The 
specimens described here are about the same as those described by Pavlova et al. 
(1991), but the internal structures are not outlined clearly by Pavlova et al. (1991). 
Thus, the detailed internal structures of C. pseudotruncata are still not clear, and more 
well preserved specimens need to be illustrated. 
The specimens described as C. pseudotruncata by Zhang et al. (1983, p. 296, 
pl. 130, figs 13-16) from the Lower Permian (approximately Sakmarian or Artinskian 
age) of northwest China may not belong to Cancrinella. According to the original 
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description no dorsal spines have been found, therefore they appear to belong to 
Costatumulus.  
 
Occurrence. — HV-5, 7, 8, 14, 15; Hovsugol section, Kungurian. 
 
Cancrinella koninckiana (Verneuil, 1845) 
Plate 16, Figures 7-34; Plate 17, Figures 1-13 
1845  Productus koninckianus Verneuil, p. 274. 
1846  Productus koninckianus Verneuil; Keyserling, p. 203, pl. 4, fig. 4. 
1902  Productus konincki Verneuil; Tschernyschew, p. 629, pl. 34, figs 2-3. 
1932  Productus (Linoproductus) konincki Verneuil; Terra, p. 165, pl. 14, fig. 9. 
1963  Cancrinella koninckiana (Verneuil); Ustritsky, p. 84, pl. 14, figs 6-10. 
1964  Cancrinella koninckiana (Verneuil); Wang, Jin and Fang, p. 329, pl. 52, figs 
10-13, 16. 
1976  Cancrinella koninckiana (Verneuil); Lee and Gu, p. 262, pl. 166, fig. 8. 
1979  Cancrinella koninckiana (Verneuil); Liao 
1980  Cancrinella koninckiana (Verneuil); Lee, Gu and Su, 
1983  Cancrinella koninckiana (Verneuil); Zhang et al., p. 296, pl. 111, fig. 4. 
1984  Cancrinella koninckiana (Verneuil); Lee, Gu and Li, pl. 2, fig. 4. 
1985  Cancrinella koninckiana (Verneuil); Lee and Duan, p. 239, pl. 73, figs 7-8; pl. 
75, figs 6-8. 
1991  Cancrinella koninckiana (Verneuil); Pavlova et al., p. 116, pl. 26, fig. 4. 
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Materials. — 86 specimens. Registered specimens: four ventral valves (NIGP 
154390-154393); twenty-eight internal moulds of ventral valves (NIGP 154394-
154421) and five external moulds of dorsal valves (NIGP 154422-154426). 
 
Description. — Shell ranging from small to large in size for genus, 
subrectangular to subelliptical in outline in mature shell, immature shell slightly 
subcircular or suborbicular; strongly concavo-convex, mostly wider than long, some 
specimens with long trail and slightly longer than wide, greatest width around hinge; 
ears small; sides roundedly curved; anterior margin broadly rounded; surface finely 
costate, with distinct rugae; spines on both valves. 
Ventral valve strongly convex in lateral profile, the strongest convexity 
slightly posterior to the midvalve; visceral disk generally small and subcircular in 
outline; hinge line straight, marking the greatest shell width; umbonal region small, 
strongly incurved with moderately long and steep umbonal slopes; lateral slopes 
extremely steep; ears small and flat; cardinal extremities approximately right angle, 
well demarcated from visceral region by a groove; beak pointed and strongly incurved, 
extending beyond hinge line slightly; flanks strongly inclined; no sulcus on ventral 
valve, but trail moderately long, usually not well preserved; surface marked by 
concentric rugae and fine costae, rugae most strongly developed on ears and lateral 
slopes, weakly and irregularly extending onto venter; costae fine and closely spaced, 
anteriorly increasing mostly by intercalation; spines numerous, swollen at base, 
forming a low angle to shell surface. 
Dorsal valve moderately to deeply concave with abrupt geniculation; visceral 
disk large and broad; trail relatively long; ears small and nearly flat; surface finely 
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costate with strong rugae on ears and lateral sides, rugae becoming weaker around 
visceral disk; dorsal spines prominent, but much less than those on ventral valve. 
Ventral interior with dendritic adductor scars posteriorly placed, somewhat 
broad and striated; dorsal valve interior with small and bilobate cardinal process. 
 
Measurements (in mm): — (L = length, W = width, T = thickness, HW = 
hinge width, IH = interarea height). 
 
Specimen no. L W 
NIGP 154390 
NIGP 154391 
NIGP 154392 
NIGP 154393 
NIGP 154394 
NIGP 154395 
NIGP 154396 
NIGP 154397 
NIGP 154398 
NIGP 154399 
NIGP 154400 
NIGP 154401 
NIGP 154402 
NIGP 154403 
NIGP 154404 
NIGP 154405 
12.85 
17.26 
13.894 
15.00 
11.79 
12.80 
17.06 
16.39 
9.99 
13.77 
15.89 
13.21 
18.28 
14.75 
21.40 
13.08 
13.01 
20.34 
15.95 
14.38 
14.58 
16.52 
21.12 
18.15 
8.78 
17.17 
18.61 
13.70 
18.42 
15.42 
24.82 
14.32 
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NIGP 154406 
NIGP 154407 
NIGP 154408 
NIGP 154409 
NIGP 154410 
NIGP 154411 
NIGP 154412 
NIGP 154413 
NIGP 154414 
NIGP 154415 
NIGP 154416 
NIGP 154417 
NIGP 154418 
NIGP 154419 
NIGP 154420 
NIGP 154421 
NIGP 154422 
NIGP 154423 
NIGP 154424 
NIGP 154425 
NIGP 154426 
18.16 
15.62 
19.36 
21.87 
18.11 
22.43 
24.99 
15.62 
15.23 
12.71 
13.25 
17.35 
13.39 
16.62 
15.56 
20.96 
14.98 
12.62 
11.38 
14.71 
13.97 
18.27 
16.19 
17.94 
21.68 
16.75 
24.69 
18.38 
14.54 
18.70 
15.65 
14.21 
16.53 
13.47 
17.10 
16.77 
19.44 
21.61 
13.50 
15.18 
19.08 
19.73 
 
Discussion. — The main characters of the present species, as described by 
Keyserling (1846, p. 203, pl. 4, fig. 4) from the Upper Permian on the Russian 
Platform, are the moderate to large shell size, and the deeply concave dorsal valve 
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with its distinct geniculation and moderately long trail. The lateral views of our 
specimens are very similar to Pavlova et al. (1991, p. 116, pl. 26, fig. 4) single figure 
of a lateral view of Cancrinella koninckiana, which was collected from the same 
horizon in the Hovsugol area in southeast Mongolia. 
Based on their original description, the specimens described as Cancrinella 
koninckiana by Chao (1928, p. 63, pl. 5, figs 4-7), Grabau (1936, p. 121, pl. 12, fig. 6) 
and Wang and Yang (1998, p. 102, pl. 15, figs 1-3) are not Cancrinella but 
Costatumulus. 
C. koninckiana differs from C. cancriniformis and C. pseudotruncata, 
described above, by its larger size, more convex ventral valve, longer trail and 
prominent geniculation on the dorsal valve. 
 
Occurrence. — HV-5, 6, 7, 9, 14; Hovsugol section, Kungurian. 
 
Subfamily ANIDANTHINAE Waterhouse, 1968a 
Genus Megousia Muir-Wood and Cooper, 1960 
 
Type species.— Megousia auriculata Muir-Wood and Cooper, 1960, p. 309, pl. 113, 
figs 1-11 from the Middle Permian (lower Word Formation) of the Glass Mountains, 
Texas in USA. 
 
Megousia Muir-Wood and Cooper, 1960, p. 309. 
 
Discussion.— One of the very peculiar characters of the present genus is its 
long and large ears which are often forming crescentic extensions. The closest genus 
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to Megousia is Anidanthus Hill (1950), as pointed out by Muir-Wood and Cooper 
(1960, p. 309), Waterhouse (1968a, p. 1172), Cooper and Grant (1975, p. 1190) and 
Brunton et al. (2000, p. 532), Megousia is recognized by its large ears which extend 
further forward and more alate shell outline. Another common feature for many 
specimens of the genus Megousia is the crowding of costae and the irregular direction 
taken by these costae on the trail slope. 
 
Megousia aagardi (Toula, 1875) 
Plate 17, Figures 14-25; Plate 18, Figures 1-24; Plate 19, Figures 1-21 
1875  Productus aagardi Toula, p. 235, pl. 7, fig. 2. 
1902  Productus aagardi Toula; Tschernyschew, p. 285, pl. 6, figs 1-3. 
1937a Productus (Linoproductus) aagardi (Toula); Stepanov, p. 130, pl. 3, figs 3, 10-
11. 
1939  Productus (Productus) aagardi (Toula); Licharew, p. 40, pl. 6, figs 3-5. 
1963  Anidanthus aagardi (Toula); Gobbett, p. 106, pl. 12, figs 22-26. 
1991  Megousia aagardi (Toula); Lazarev, p. 118, pl. 26, fig. 9; pl. 27, figs 1-3, 12. 
2003  Megousia aagardi (Toula); Afanasjeva et al., p. 114, pl. 42, figs 4-5. 
 
Materials.—One hundred and eight specimens, most of them are ventral 
valves, internal moulds of ventral valves and external moulds of dorsal valves. 
Registered specimens: twenty-three: thirteen ventral valves (NIGP Mea. 01-13); five 
internal moulds of ventral valves (NIGP Mea. 14-18); one dorsal valve (NIGP Mea. 
19) and four external moulds of dorsal valves (NIGP Mea. 20-23). 
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Description.—Small to medium shell size, transversely subrectangular to 
broadly triangular in outline; moderately to strongly concavo-convex shells, much 
wider than long, the greatest width along the hinge line; ears large and often recurved 
anteriorly as crescentic extension, but most specimens with incomplete ears preserved 
and the crescentic ear extensions only partly observed; anterior margin transversely 
rounded; surface finely costate; spines on ventral valve. 
Ventral valve moderately to strongly convex, almost hemispherical in lateral 
profile; visceral disk regularly convex, with gradual geniculation from the anterior 
margin of visceral disk; anterior profile forming broad, moderately steep-sided dome; 
hinge line straight, marking the greatest shell width; umbo relatively narrow and 
strongly inflated, slightly to moderately incurved beyond the hinge line; umbonal and 
lateral slopes steep; anterior slope long and moderately steep; beak sharply pointed 
and strongly incurved, extending beyond hinge line slightly; ears narrow and flattened, 
well demarcated from visceral disk, usually mucronate with quite long ear extensions; 
ventral sulcus absent or very weak, only marginally perceptible on anterior part of the 
valve with very broad and shallow groove; surface finely costellate, costae low and 
rounded, ten to thirteen in 5 mm on the midvalve, increasing in number by 
intercalation on trail toward anterior margin; weak rugae on ears and flanks of some 
specimens; posterior margin with row of stout spines, moderately long and strong on 
ears; body spines scattered in small numbers on anterior slope. 
Dorsal valve moderately concave, deepest around umbonal and medial regions; 
visceral disk moderately large and deeply concave; trail relatively short; no dorsal 
fold or too weak to be perceptible; the surface costae similar to that of the ventral 
valve, but with concentric lamellae developed. 
183  
Interior of ventral valve with anteriorly placed adductor scars and diductor 
scars; dorsal valve interior with obscure cardinal process and brachial ridges. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height) 
 
Specimen no. L W 
NIGP Mea. 01 
NIGP Mea. 02 
NIGP Mea. 03 
NIGP Mea. 04 
NIGP Mea. 05 
NIGP Mea. 06 
NIGP Mea. 07 
NIGP Mea. 08 
NIGP Mea. 09 
NIGP Mea. 10 
NIGP Mea. 11 
NIGP Mea. 12 
NIGP Mea. 13 
NIGP Mea. 14 
NIGP Mea. 15 
NIGP Mea. 16 
NIGP Mea. 17 
NIGP Mea. 18 
16.84 
17.99 
13.20 
14.73 
14.48 
19.10 
13.79 
21.18 
22.32 
15.92 
16.69 
16.35 
15.71 
16.26 
13.35 
18.50 
24.16 
14.66 
23.86 
21.50 
18.52 
23.21 
21.87 
22.81 
20.76 
24.23 
26.47 
21.43 
20.19 
24.18 
22.71 
24.33 
25.73 
23.65 
29.09 
19.80 
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NIGP Mea. 19 
NIGP Mea. 20 
NIGP Mea. 21 
NIGP Mea. 22 
NIGP Mea. 23 
13.36 
13.18 
8.33 
9.62 
9.26 
23.23 
23.95 
12.09 
15.67 
21.18 
 
Discussion.—The specimens described here under the species of Megousia 
aagardi are variable in shell size, convexity and geniculation, but their general 
features like outline, shape and surface ornamentation, clearly indicate that these 
specimens should be treated as one species. The different shell size, convexity and 
geniculation may be attributed to variance within species or intraspecific variation. 
Also, our specimens are comparable to the specimens described by Lazarev (in 
Pavlova et al., 1991, p. 118, pl. 26, fig. 9; pl. 27, figs 1-3, 12) and Afanasjeva et 
al.(2003, p. 114, pl. 42, figs 4-5) from the same area of Hovsugol in southeast 
Mongolia, where our specimens were collected. 
Megousia harlandi Gobbett (1963, p. 111, pl. 13, figs 16-22) from the Spirifer 
Limestone of Bjonahamna and Tempelfjorden, Spitsbergen differs from the present 
species by its smaller size, more pronounced sulcus and angular costae. M. flexuosa 
Cooper and Grant (1975, p. 1196, pl. 447, figs 1-39) from the Word Formation of 
West Texas is similar to M. aagardi in general outline, but differs from M. aagardi by 
its relatively smaller shell size and more irregular shell costae. M. solita Waterhouse 
(1968a, p. 1172, pl. 154, figs 1-6, 8-10) from the Permian of east Australia looks like 
M. aagardi in its transverse outline and concentric dorsal lamellae, but differs in 
having a broad, shallow sulcus in the ventral valve and a low fold in the dorsal valve. 
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Occurrence.—HV-5, 7, 8, 9, 13, 14, 15; Hovsugol section, Kungurian. 
 
Family MONTICULIFERIDAE Muir-Wood and Cooper, 1960 
Subfamily AURICULISPININAE Waterhouse, 1986a 
Genus Magniplicatina Waterhouse, 1983b 
 
Type species.—Cancrinella magniplica Campbell, 1953, p. 7, pl. 1, figs 1-8 from the 
Ingelara and Barfield Formations of the Bowen Basin, Queensland, east Australia. 
 
Magniplicatina Waterhouse, 1983b, p. 130. 
Helenaeproductus Lazarev in Pavlova et al., 1991, p. 117. 
 
Discussion.—The genus Magniplicatina was named by Waterhouse (1983b) 
for a group of species, which are similar to the genus Cancrinellla in having swollen 
ventral valves, but having very strong growth wrinkles and spines only on ventral 
valve. Helenaeproductus Lazarev (Lazarev in Pavlova et al., 1991, p. 117), with H. 
khubsugulensis from southeastern Mongolia as the type species, was considered to be 
a junior synonym of Magniplicatina by Brunton et al. (2000, p. 543). As pointed out 
by Briggs (1998, p. 187), there are widespread features of low, closely spaced rugae 
among the Linoproductidae, but only the species with relatively strong rugae should 
be included in Magniplicatina. Magniplicatina differs from Cancrinella Fredericks, 
1928 by the absence of dorsal spines, coarser and more prominent ventral rugae, 
wider spaced ventral spines and generally a much larger body size. Both 
Costatumulus Waterhouse (1983a) and Magniplicatina Waterhouse (1983b) have no 
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dorsal spines, but the latter possesses coarse and more prominent rugae across the 
venter and often has bigger ventral spine bases over the venter and trail. 
Coolkilella Archbold (1993) also has some resemblances to Magniplicatina, 
but it differs in its extraordinary development of geniculation and long trail anteriorly, 
its flat and gently concave dorsal valve, and its relatively weak rugae. 
 
Magniplicatina khubsugulensis (Lazarev, 1991) 
Plate 20, Figures 1-22; Plate 21, Figures 1-20; Plate 22, Figures 1-7 
1991  Helenaeproductus khubsugulensis Lazarev, p. 118, pl. 26, fig. 9; pl. 27, figs 1-3, 
12. 
2003  Helenaeproductus khubsugulensis Lazarev; Afanasjeva et al., p. 114, pl. 42, 
figs 4-5. 
 
Materials.—Forty-eight specimens, most of them are internal moulds of ventral and 
dorsal valves. Registered specimens twenty-one: two conjoined valves (NIGP Mgk. 
01-02), ten ventral valves (NIGP Mgk. 03-12), four internal moulds of ventral valves 
(NIGP Mgk. 13-16), one external mould of a ventral valve (NIGP Mgk. 17) and four 
external moulds of dorsal valves (NIGP Mgk. 18-21). 
 
Description.—Shell medium to large size, subquadrate to longitudinally 
elongate in outline; moderately to strongly concavo-convex, generally wider than long, 
but a few specimens with broken ears and measured slightly longer than wide (NIGP 
Mgk. 04 and NIGP Mgk. 07); the greatest width approximately equal to the hinge line; 
ears small and obvious; anterior margin broadly rounded; surface finely costae with 
strong rugae; spines only on ventral valve. 
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Ventral valve moderately to strongly convex in lateral profile, the greatest 
convexity around anterior part of visceral disk; visceral disk small and evenly convex, 
anterior margin of visceral disk often tending to become geniculate; anterior profile 
gently sloping or with slightly flattened venter, and sharply sloping lateral slopes; 
hinge line straight, equal to the greatest shell width; umbonal region relatively small, 
strongly depressed and moderately incurved over the hinge line, with short and very 
steep umbonal slopes; lateral slopes long, moderately to strongly steep; beak pointed, 
and strongly incurved, extending beyond hinge line; ears small, flattened and well 
demarcated from visceral disk; flanks moderately to strongly incurved; no sulcus 
developed on ventral valve; surface with fine, regularly and closely spaced costae, 
crossed by distinct and coarse concentric rugae (growth wrinkles); the radial costae 
mainly increasing in number by intercalation toward the anterior margin, 
approximately thirteen to fifteen in 5 mm on the trail; the transverse and concentric 
rugae relatively weak and regular across the visceral disk, very strong and irregular on 
the ears, trail and lateral slopes, but somewhat continuously or discontinuously 
distributed; spine bases developed mostly by thickening of the radial costae, and 
spines apparently developed over the whole valve, moderately abundant; spines most 
abundant along the hinge line and on the ears, body spines usually recumbent 
anteriorly. 
Dorsal valve moderately to deeply concave, with moderately large visceral 
disk; gradual geniculation with a short trail anteriorly; no dorsal fold developed; ears 
small and flat, differentiated from the visceral disk by a shallow slope; surface costae 
and rugae similar to those of the ventral valve; no dorsal spines. 
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Interior of ventral valve with poorly preserved adductor scars and diductor 
scars; dorsal valve interior with bilobed cardinal process and median septum; other 
features not preserved. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW 
NIGP Mgk. 01 
NIGP Mgk. 02 
NIGP Mgk. 03 
NIGP Mgk. 04 
NIGP Mgk. 05 
NIGP Mgk. 06 
NIGP Mgk. 07 
NIGP Mgk. 08 
NIGP Mgk. 09 
NIGP Mgk. 10 
NIGP Mgk. 11 
NIGP Mgk. 12 
NIGP Mgk. 13 
NIGP Mgk. 14 
NIGP Mgk. 15 
NIGP Mgk. 16 
NIGP Mgk. 17 
20.39 
26.07 
35.12 
40.42 
28.26 
23.67 
27.52 
15.39 
23.75 
22.73 
18.98 
18.11 
26.35 
22.72 
27.09 
26.94 
19.70 
27.28 
31.12 
36.95 
37.25 
33.77 
30.23 
25.86 
26.83 
27.10 
23.94 
23.06 
23.94 
29.76 
26.56 
29.86 
31.22 
29.12 
9.30 
8.47 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
27.57 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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NIGP Mgk. 18 
NIGP Mgk. 19 
NIGP Mgk. 20 
NIGP Mgk. 21 
13.11 
25.74 
19.46 
20.15 
23.04 
38.42 
30.25 
24.02 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.—All materials described here under the name of Magniplicatina 
khubsugulensis are nearly the same as Lazarev‘s type specimens (Lazarev, 1991, p. 
118, pl. 26, fig. 9; pl. 27, figs 1-3, 12; Afanasjeva et al., 2003, p. 114, pl. 42, figs 4-5), 
and also from the Hovsugol area of southeast Mongolia. It seems that our specimens 
are more variable in size (possibly because a bigger sample size), from relatively 
small to quite large, but otherwise the basic features agree with the definition of M. 
khubsugulensis. 
The present species is somewhat close to the type species of Magniplicatina, 
M. magniplica (Campbell, 1953, p. 7, pl. 1, figs 1-8) from the Ingelara and Barfield 
Formations of the Bowen Basin, Queensland, east Australia. M. magniplica is similar 
in general outline and size, but has more fine costae (about 17 to 20 in 5 mm on the 
trail), and coarser and stronger rugae over the ventral valve. 
M. gigantea (Shen, Shi and Archbold, 2003, p. 78, pl. 9, figs 7-16) from the 
Qubuerga Formation (Lopingian) in the Mt. Qomolangma region, southern Tibet, 
China differs from M. khubsugulensis by its much coarser costae (about five to six in 
5 mm on the trail), and its coarser spines. 
 
Occurrence.—HV-5, 7, 8, 14, 15; Hovsugol section, Kungurian. 
 
Magniplicatina undulata Waterhouse, 1986a 
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Plate 22, Figures 8-21; Plate 23, Figures 1-17 
1986a Magniplicatina undulata Waterhouse, p. 45, pl. 9, figs 17-20. 
1998  Magniplicatina undulata Waterhouse; Briggs, p. 188, figs 92A-I. 
 
Materials.—Nineteen specimens, most of them are internal moulds of ventral 
valves and external moulds of dorsal valves. Registered specimens: six ventral valves 
(NIGP Mgu. 01-06); four internal moulds of ventral valves (NIGP Mgu. 07-10); one 
external mould of a ventral valve (NIGP Mgu. 11) and three external moulds of dorsal 
valves (NIGP Mgu. 12-14). 
 
Description.—Medium to large in size, outline transversely subquadrate to 
subrectangular; moderately concavo-convex in lateral profile with gentle or gradual 
geniculation, wider than long; the greatest width around hinge line or slightly anterior; 
ears small and flat; anterior margin broadly rounded; surface finely costate with 
strong and closely spaced rugae; spines only on ventral valve. 
Ventral valve moderately convex in lateral profile, the most convexity near 
visceral disk; cardinal extremities nearly at right angle; visceral disk small and 
roundly triangular; anterior profile gently sloping, with short and steep lateral slopes; 
hinge line straight, roughly equal to the greatest shell width; umbonal region small 
and strongly incurved over hinge line, with short and moderately steep umbonal 
slopes; lateral slopes short and steep; beak strongly incurved, extending beyond the 
hinge line; ears small and flat, well demarcated from the visceral disk by a sharp 
bending; sulcus absent; surface with finely costae and strong rugae; costae very 
regular in width, crossed by closely spaced rugae, about 12 to 13 in 5 mm on the trail 
and increasing in number by intercalation; rugae narrow and low, very strong and 
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regular on ears and lateral slopes, weak over disk; spines numerous over disk and trail, 
less than 1 mm in diameter; spine bases swollen, arising from one or two costae, 
elongated anteriorly. 
Dorsal valve moderately to deeply concave; visceral disk moderately large and 
flatly concave, with gentle geniculation toward anterior margin; no dorsal fold; ears 
small and flat, well demarcated from the visceral disk; the surface costae and rugae 
similar to those on the ventral valve, but the closely spaced rugae lower than on 
ventral valve. 
Ventral interior with poorly preserved scars; mostly with rugae, costellae and 
spine ridges clearly expressed; dorsal valve interior with strong cardinal process. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Mgu. 01 
NIGP Mgu. 02 
NIGP Mgu. 03 
NIGP Mgu. 04 
NIGP Mgu. 05 
NIGP Mgu. 06 
NIGP Mgu. 07 
NIGP Mgu. 08 
NIGP Mgu. 09 
NIGP Mgu. 10 
28.77 
32.53 
33.54 
21.58 
31.42 
29.68 
40.07 
33.98 
27.52 
30.10 
41.00 
38.29 
37.01 
29.26 
36.52 
35.35 
41.68 
36.26 
28.57 
37.01 
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NIGP Mgu. 11 
NIGP Mgu. 12 
NIGP Mgu. 13 
NIGP Mgu. 14 
21.47 
23.57 
21.12 
19.56 
34.79 
33.23 
29.73 
33.37 
 
 
Discussion.—This species can be readily distinguished from Magniplicatina 
khubsugulensis described above by its relatively lower convexity, much wider shell 
and closely spaced rugae. Compared to M. magniplica (Campbell, 1953, p. 7, pl. 1, 
figs 1-8) from the Ingelara and Barfield Formations of the Bowen Basin, Queensland, 
east Australia, the present species has lower and more closely spaced rugae, and 
coarser costae over the surface. A ventral valve in Liu and Waterhouse (1985, p. 17, 
pl. 1, fig. 11) from the Houtoumiao Formation (possible Artinskian age) of Inner 
Mongolia is referred to as Magniplicatina sp. In overall appearance it is like 
Magniplicatina, but it has a relatively smaller size and oval outline. 
 
Occurrence.— HV-5, 7, 14; Hovsugol section, Kungurian. 
 
Magniplicatina transversa Briggs, 1998 
Plate 23, Figure 18; Plate 24, Figures 1-15 
1998  Magniplicatina transversa Briggs, p. 187, figs 91A-J. 
 
Materials.—Thirty-nine specimens, most of them are ventral valves and 
external moulds of dorsal valves. Registered specimens: seven ventral valves (NIGP 
193  
Mgt. 01-07); an incomplete internal mould of a ventral valve (NIGP Mgt. 08) and 
eight external moulds of dorsal valves (NIGP Mgt. 09-16). 
 
Description.—Shell small to medium in size, transversely oval to 
semielliptical in outline; flatly concavo-convex in lateral profile without distinct 
geniculation; wider than long; maximum width at midvalve or slightly anterior; ears 
relatively small and flat; anterior margin transversely rounded; surface finely costate 
with stong rugae; moderately large spine bases over ventral valve. 
Ventral valve flatly or weakly convex in lateral profile, most convex around 
visceral disk; visceral disk moderately large and gently convex; anterior profile 
weakly sloping, with gentle lateral slopes; hinge line straight, less than the greatest 
shell width; umbonal region small and somewhat strongly incurved, slightly beyond 
the hinge line; umbonal slopes very short and moderately steep; lateral slopes long 
and weakly inclined; beak strongly incurved, extending beyond the hinge line by one 
to two mm; ventral ears small, flat and triangular, demarcated from the visceral disk 
by a groove; no sulcus on ventral valve; surface finely costate with strong rugae; 
costellae crossed by strong concentric rugae, 13 to 14 in 5 mm at midvalve and 
increasing in number by intercalation; rugae prominent over venter, stronger on flanks 
and ears, weaker over disk; body spines mostly arising from the place where two to 
three costellae unite; spines along hinge and ears slightly bigger than body spines. 
Dorsal valve weakly concave; visceral disk large and broad, flatly concave; 
dorsal valve terminating about level with ventral valve margin; no dorsal fold 
developed; ears triangular and flat, well demarcated from the viscel disk; the surface 
costella and rugae quite similar to those of the ventral valve, but the costella are finer 
and rugae slightly lower than on ventral valve. 
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Ventral interior with weakly and smoothly impressed scars; except for the 
muscle scars, interior surface clearly reflected the external ornament of costae and 
rugae; dorsal interior also clearly reflected the external ornament. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Mgt. 01 
NIGP Mgt. 02 
NIGP Mgt. 03 
NIGP Mgt. 04 
NIGP Mgt. 05 
NIGP Mgt. 06 
NIGP Mgt. 07 
NIGP Mgt. 08 
NIGP Mgt. 09 
NIGP Mgt. 10 
NIGP Mgt. 11 
NIGP Mgt. 12 
NIGP Mgt. 13 
NIGP Mgt. 14 
NIGP Mgt. 15 
NIGP Mgt. 16 
20.87 
29.22 
22.54 
21.72 
13.64 
15.45 
19.78 
20.37 
23.54 
22.29 
19.20 
15.34 
13.45 
20.92 
24.48 
18.23 
28.27 
32.89 
30.47 
26.73 
25.38 
20.84 
24.20 
24.30 
27.92 
29.35 
25.96 
23.02 
20.86 
25.92 
30.67 
21.28 
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Discussion.—The most distinct features of the present species are its small to 
medium shell size, its transverse shape, its low convexity and its moderately strong 
rugae. Magniplicatina transversa differs from M. undulata and M. khubsugulensis 
described above by its smaller size, gently convex ventral valve and form. M. 
transversa is transverse in form, whereas the other two species are elongate or 
subquadrate to subrectangular in form. M. perflecta from the Oxtrack Formation 
(Kungurian) of the Bowen Basin, east Australia (Waterhouse, 1986a, p. 47, pl. 10, 
figs 6-11) differs from the present species by its large size, equidimensional shape and 
relatively strong inflated ventral valve. 
 
Occurrence.— HV-5, 13, 14; Hovsugol section, Kungurian. 
 
Magniplicatina sp. 
Plate 25, Figures 1-5 
 
Materials.—Two specimens. Registered specimens: an incomplete ventral 
valve (NIGP Mgs. 01) and an incomplete external mould of a dorsal valve (NIGP 
Mgs. 02). 
 
Description.—Medium sized shell, elongate oval outline; strongly concavo-
convex in lateral profile with gradual geniculation; the two incomplete specimens 
somewhat different, one measured wider than long while another measured longer 
than wide; ears small; anterior margin narrowly rounded; surface finely costate with 
stong rugae; spine bases on ventral valve. 
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Ventral valve strongly convex in lateral profile, mostly around visceral disk 
area; visceral disk large and strongly convex with gradual geniculation toward 
anterior margin; anterior profile moderately sloping, with steep lateral slopes; hinge 
line not well preserved; umbonal region strongly incurved; umbonal slopes relatively 
long and steep; lateral slopes moderately long and very steep; ventral ears small, well 
demarcated from the visceral disk; no ventral sulcus; surface finely costate, costellae 
crossed by strong, concentric rugae; rugae stronger on flanks and ears, weaker over 
disk. 
Dorsal valve moderately concave; visceral disk large and flat; no dorsal fold 
developed; ears triangular and small; the surface costella and rugae similar to those on 
the ventral valve. 
Ventral interior with poorly preserved scars; dorsal valve interior with strong 
cardinal process; both the interior surface of ventral valve and dorsal valve reflect the 
external ornament of costae and rugae. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Mgs. 01 
NIGP Mgs. 02 
36.97 
17.37 
29.15 
22.18 
 
Discussion.— Judging from the external features of the present two 
incomplete specimens, they appear best suited to the genus Magniplicatina. This is 
because they possess much strong concentric wrinkles and larger ventral spine bases 
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over the venter and trail, which are highlighted by Waterhouse (1986a, p. 45). The 
lateral view of the ventral specimen examined in this study looks very like one of the 
figures of M. magniplica shown by Campbell (1953, p. 7, pl. 1, fig. 8), but it differs in 
having a much longer shell and lower rugae. These two incomplete specimens can 
hardly be placed in M. khubsugulensis, M. undulata or M. transversa as described 
above. 
 
Occurrence.— HV-5; Hovsugol section, Kungurian. 
 
Genus Spitzbergenia Kotljar in Grigoryeva, Ganelin and Kotljar, 1977 
 
Type species.—Productus loveni Wiman, 1914, p. 72, pl. 17, figs 12-18 from the 
Selander Formation (Permian), Spitsbergen. 
 
Spitzbergenia Kotljar in Grigoryeva, Ganelin and Kotljar, 1977, p. 155. 
 
Discussion.—When proposing the genus Spitzbergenia, Kotljar (in Grigoryeva, 
Ganelin and Kotljar, 1977) provided a very broad definition of the genus. The main 
diagnostic features described by Kotljar are: a rounded to quadrangular outline, with 
strong geniculation and a long trail, to a weakly concavo-convex shell with a narrow 
visceral cavity and no trail; ventral valve with weakly expressed sulcus in anterior 
half or without sulcus; rugae less prominent, weakly developed concentric rugae on 
visceral part of both valves and ears; spines only on ventral valve, spines recumbent, 
thin, concentric arrangement anteriorly, erect spines on ears, flanks and trail; ventral 
adductors narrow, elongated and branching; ventral diductor scars enclosing adductor 
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scars anteriorly; dorsal valve interior with small cardinal process, supported by 
medianly grooved median septum, and strongly diverging short lateral ridges. 
Species included in this genus by Kotljar are Spitzbergenia loveni (Wiman, 
1914), S. gracilis Kotljar, S. alferovi (Miloradovich, 1936) and S. hinlopeni Kotljar 
from the Permian of Spitsbergen; S. snjatkovi (Zavodowsky, 1960a) from the Permian 
of northeast USSR and; S.? pseudovelensis Grigoryeva from the Kazanian (Middle 
Permian) of the Russian Platform. 
Spitzbergenia Kotljar is very close to Magniplicatina Waterhouse in many 
aspects, but it differs in having much less prominent rugae. It also resembles the 
genus Cancrinelloides Ustritsky (1963) in general external features, but differs in its 
quadrangular outline, its long, thin spines, and especially by its densely distributed 
spines around the point of geniculation. In comparison, the spines of Cancrinelloides 
are short and evenly distributed. 
 
Spitzbergenia ogonerensis (Zavodowsky, 1960b) 
Plate 25, Figures 6-18; Plate 26, Figures 1-19; Plate 27, Figures 1-13 
1960b Cancrinella ogonerensis Zavodowsky, p. 65, pl. 1, figs 13-14, 16. 
1971  Cancrinella ogonerensis Zavodowsky; Zavodowsky and Stepanov, p. 106, pl. 
64, figs 4-6. 
1977  Cancrinelloides ogonerensis (Zavodowsky); Grigorjewa, Ganelin and Kotljar, p. 
151, pl. 24, figs 4-8. 
1988  Cancrinelloides? ogonerensis (Zavodowsky); Abramov and Grigorjewa, p. 128, 
pl. 11, figs 15-16; pl. 12, figs 1-2. 
1991  Spitzbergenia ogonerensis (Zavodowsky); Pavlova et al., p. 114, pl. 26, fig. 7. 
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Materials.—Forty-two specimens, about half of them are internal moulds of 
ventral valves and external moulds of dorsal valves. Registered specimens: 11 ventral 
valves (NIGP Spo. 01-11); two internal moulds of ventral valves (NIGP Spo. 12-13) 
and two external moulds of dorsal valves (NIGP Spo. 14-15). 
 
Description.—Shell medium to large in size, quadrangular to transversely oval 
in outline; moderately to strongly concavo-convex in lateral profile, and moderate to 
strong geniculation; wider than long; the greatest width near midvalve or slightly 
anterior; ears generally small and flat; anterior margin broad; surface finely costate 
and weakly rugose; spines on ventral valve. 
Ventral valve moderately to strongly convex in lateral profile, the maximum 
convexity around the anterior part of visceral disk; visceral disk moderately large and 
roundly triangular in shape; gently to moderately sloping from the view of the anterior 
profile, with steep lateral slopes; hinge line straight, less than the greatest shell width; 
umbonal region generally small and strongly incurved, with relatively short and steep 
umbonal slopes; lateral slopes not very steep to very steep; beak strongly incurved, 
slightly extending beyond the hinge line; ears moderately small and flat, well 
demarcated from the visceral disk; no sulcus on ventral valve; surface with fine costae 
and weak rugae; costae 12 to 14 in 5 mm around midvalve, increasing in number by 
intercalation; rugae very weak, mostly recognizable on ears and lateral slopes, very 
weak to barely perceptible over rest of the shell; spines numerous, recumbent and thin, 
erect on ears and flanks. 
Dorsal valve moderately concave with gently concave visceral disk; gradual 
geniculation toward anterior margin; no dorsal fold developed; dorsal ears small and 
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flat; the surface ornamentation similar to that of the ventral valve, but without the 
spines. 
Ventral valve interior with elongate, branching adductors, diductor scars 
enclosing adductor scars anteriorly. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Spo. 01 
NIGP Spo. 02 
NIGP Spo. 03 
NIGP Spo. 04 
NIGP Spo. 05 
NIGP Spo. 06 
NIGP Spo. 07 
NIGP Spo. 08 
NIGP Spo. 09 
NIGP Spo. 10 
NIGP Spo. 11 
NIGP Spo. 12 
NIGP Spo. 13 
NIGP Spo. 14 
NIGP Spo. 15 
28.40 
30.04 
22.94 
24.17 
34.56 
34.39 
29.40 
24.47 
30.52 
26.21 
34.68 
37.36 
33.66 
23.24 
18.84 
33.02 
34.85 
31.38 
30.23 
35.59 
40.13 
30.22 
28.45 
36.61 
36.02 
36.73 
39.78 
35.45 
33.91 
23.05 
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Discussion.— Spitzbergenia ogonerensis is close to S. gracilis Kotljar (Kotljar 
in Grigoryeva, Ganelin and Kotljar, 1977, p. 157, pl. 25, fig. 10; pl. 26, figs 1-5) in 
general features, but it differs in having a more convex ventral valve, stronger rugae 
on its ears and slightly less ventral spines. S. ogonerensis differs from S. loveni 
(Wiman, 1914, p. 72, pl. 17, figs 12-18) from the Selander Formation (Permian), 
Spitsbergen in possessing a smaller shell size, gentle geniculation and much less steep 
flanks. 
 
Occurrence.— HV-5, 7, 14, 15; Hovsugol section, Kungurian. 
 
Suborder STROPHALOSIIDINA Schuchert, 1913 
Superfamily STROPHALOSIOIDEA Schuchert, 1913 
Family STROPHALOSIIDAE Schuchert, 1913 
Subfamily STROPHALOSIINAE Schuchert, 1913 
Genus Heteralosia King, 1938 
 
Type species.— Heteralosia slocomi King, 1938, p. 278, pl. 39, figs 15-18 from the 
Graham Formation (Pennsylvanian), Texas of USA. 
 
Heteralosia King, 1938, p. 278. 
Heteralosia Stehli, 1954, p. 328. 
Heteralosia Muir-Wood and Cooper, 1960, p. 80. 
Heteralosia Grant, 1976, p. 80. 
Heteralosia Archbold, 1986, p. 104. 
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Discussion.—According to the original definition of King (1938, p. 278), the 
main diagnostic features of Heteralosia are as follows: possessing an interarea on 
each valve, a cicatrix of attachment on the umbo, a pseudodeltidium at least partly 
filling the delthyrium, teeth inside the ventral valve and sockets inside the dorsal 
valve; only the ventral valve with spinose ornamentation but not the dorsal valve. 
However, as pointed out by Muir-Wood and Cooper (1960, p. 80), the above 
definition of the Carboniferous-Permian genus Heteralosia is easily confused with the 
Devonian genus Devonalosia Muir-Wood and Cooper (1960, p. 83). So the definition 
of Heteralosia is revised by a number of authors (eg. Muir-Wood and Cooper, 1960; 
Grant, 1976; Archbold, 1986) as: outline of shell subcircular with concavo-convex 
profile; bearing cicatrix of attachment; short interareas, delthyrium filled by dorsal 
cardinal process or narrow pseudodeltidium; surface of ventral valve with spines and 
concentric lamellae, no spines on dorsal valve but with weak concentric lamellae or 
growth lines; ventral valve inside with teeth and dorsal valve inside with sockets; 
ventral valve interior with adductor thickening; dorsal valve interior with bilobate or 
quadrilobate cardinal process; median septum extending more than half of valve 
length; adductor scars usually pear-shaped; brachial ridges weak and obscure. 
One of the closest genera to Heteralosia is Strophalosia King (1844), but the 
latter is distinguished from the former by its not smooth (lamellose) dorsal surface 
and the presence of spines on the dorsal valve. 
 
Heteralosia alexandrae Pavlova in Pavlova et al., 1991 
Plate 27, Figures 14-19; Plate 28, Figures 1-16; Plate 29, Figures 1-4 
1991  Heteralosia alexandrae Pavlova in Pavlova et al., p. 100, pl. 22, figs 12-15. 
2003  Heteralosia alexandrae Pavlova; Afanasjeva et al., p. 111, pl. 41, figs 4-6. 
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Materials.—Eighty-eight specimens, many of them are internal moulds of 
ventral valves and external moulds of dorsal valves. Registered specimens: two 
internal moulds of conjoined shells (NIGP Hal. 01-02); two internal moulds of ventral 
valves (NIGP Hal. 03-04); one internal mould of a dorsal valve (NIGP Hal. 05) and 
18 external moulds of dorsal valves (NIGP Hal. 06-23). 
 
Description.—Shell medium to large in size for the genus, transversely 
semicircular to oval in outline; moderately concavo-convex in lateral profile, and 
moderately to strongly geniculate; wider than long; the greatest width close to 
midvalve or slightly anterior; hinge width about two-thirds to three-quarters of the 
maximum shell width; ears small and flat; anterior margin broad with anterior 
commissure not folded; spines on ventral valve only. 
Ventral valve moderately to strongly convex in lateral profile, the maximum 
convexity around the visceral disk; some specimens forming unsymmetrical cone with 
convexity decreasing faster anteriorly; visceral disk large and evenly convex in lateral 
view; lateral slopes moderately steep; hinge line nearly straight, less than the greatest 
shell width; ventral interarea distinct, flat or slightly concave, extending full width of 
hinge and relatively low; delthyrium narrow and triangular with weakly convex 
pseudodeltidium; umbonal region small with distinct cicatrix of attachment; umbonal 
slopes short; lateral slopes gently steep; beak region small and not well preversed in 
most of the specimens; ears generally small and flat; no ventral sulcus; surface 
ornamentation of spines and concentric lamellae; spines distributed as row along 
hinge, body spines spaced at intervals of 1.5 mm at middle part and anterior margin, 
mostly lying at a low angle to the surface or recumbent on the surface; for the internal 
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moulds of the ventral valves, no ornament observed; concentric lamellae weak to 
moderately strong; 
Dorsal valve moderately concave in both lateral and anterior profiles; dorsal 
visceral disk gently concave; umbonal region slightly swollen and convex, descending 
to the concave median area; some specimens tending to be distinctly geniculated in 
front of the visceral disk; no dorsal fold; ears also small and flat; dorsal interarea short 
and narrow; spines absent on dorsal valve, but with some weak concentric lamellae or 
fine growth markings. 
Ventral valve interior with divergent teeth; muscle area bisected by low 
median ridge; adductor scars large and forming on small raised platform; diductor 
scars fairly large and weakly striate; weak marginal ridge present posteriorly, 
flattening and becoming indistinct anteriorly; anterior of interior of ventral valve 
nearly smooth; dorsal valve interior with bilobed cardinal process supported by strong 
median septum; sockets small but deep, surrounded by short lateral ridges; median 
septum slightly more than half valve length; dorsal adductor scars smooth and distinct, 
slightly raised and somewhat pear-shaped. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Hal. 01 
NIGP Hal. 02 
NIGP Hal. 03 
NIGP Hal. 04 
17.67 
19.57 
20.87 
21.46 
21.11 
27.18 
24.26 
23.68 
4.67 
6.23 
- 
- 
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NIGP Hal. 05 
NIGP Hal. 06 
NIGP Hal. 07 
NIGP Hal. 08 
NIGP Hal. 09 
NIGP Hal. 10 
NIGP Hal. 11 
NIGP Hal. 12 
NIGP Hal. 13 
NIGP Hal. 14 
NIGP Hal. 15 
NIGP Hal. 16 
NIGP Hal. 17 
NIGP Hal. 18 
NIGP Hal. 19 
NIGP Hal. 20 
NIGP Hal. 21 
NIGP Hal. 22 
NIGP Hal. 23 
22.99 
20.77 
20.26 
22.61 
16.83 
20.88 
21.58 
22.95 
23.27 
22.44 
19.65 
19.00 
17.55 
24.33 
21.75 
18.10 
18.31 
15.55 
20.34 
27.45 
28.22 
22.23 
27.34 
19.50 
24.55 
26.98 
27.48 
24.79 
22.68 
24.15 
23.60 
23.83 
29.01 
24.56 
19.91 
25.59 
20.83 
29.08 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— This species was established by Pavlova in Pavlova et al., 1991 
from the Hovsugol area of southeastern Mongolia, which is roughly the same area that 
the present specimens were collected from. Most of our specimens are nearly the 
same as the original described specimens, and some of them are identical. 
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Heteralosia alexandrae is close to H. mexicana Cooper (1953, p. 28, pl. 7A, 
figs 1-3) in outline, but the latter differs in having a smaller shell size and more spines 
on the ventral valve. H. etheridgei (Archbold, 1986, p. 105, figs 3A-Z, AA-BB) from 
Permian of Western Australia differs from the present species by its much smaller 
shell size and its stronger ventral convexity. The specimens described as H. haerens 
(Grant, 1976, p. 83, pl. 18, figs 1-28) from the late Early Permian of Thailand are 
distinguished by their tiny shell size, few spines and no real median septum.  
 
Occurrence.— HV-5; Hovsugol section, Kungurian. 
 
Order ORTHOTETIDA Waagen, 1884 
Suborder ORTHOTETIDINA Waagen, 1884 
Superfamily ORTHOTETOIDEA Waagen, 1884 
Family ORTHOTETIDAE Waagen, 1884 
Genus Orthotetes Fischer de Waldheim, 1829 
 
Type species.— Orthotetes radiata Fischer de Waldheim, 1850, p. 491, pl. 10, fig. 3 
from the Visean (Carboniferous), Germany. 
 
Orthotetes Fischer de Waldheim, 1829, p. 375. 
Orthotetes Girty, 1908, pp. 186-199. 
Orthotetes Manankov, 1973, p. 56. 
Orthotetes Williams and Brunton, 2000, p. 649. 
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Discussion.—Orthotetes was first named by Fischer de Waldheim in 1829 and 
for a long time after its characteristics and validity were under dispute. However in 
1908 Girty (pp. 186-199) provided a long discussion and clear statement on the 
history and features of Orthotetes, and it was accepted as a valid genus. Subsequently 
the genus has undergone a number of further revisions (Girty, 1908; Manankov, 1973; 
Manankov, 1979; Shi and Waterhouse, 1996; Williams and Brunton, 2000) and the 
main features that have been recognized are as follows: moderate to large biconvex 
shell, rectimarginate commissure, fine costellae; ventral beak usually symmetrical 
with convex pseudodeltidium; dorsal interarea linear to vestigial, chilidium small and 
grooved; well developed dental plates, convergent on high ventral median septum to 
define small delthyrial chamber usually filled with secondary shell; cardinal process 
with two low and separate lobes, quadrilobate in posterior view; crural plates short 
and low, recurved toward hinge margin, forming cup-like sockets; ventral muscle scar 
impressed, large and flabellate; dorsal myophragm low and broad. 
Werriea Campbell (1957, p. 44), type species W. australis Campbell, differs 
from Orthotetes by its completely independently internal structures between the 
dental lamellae and the median septum. Permorthotetes Thomas (1958, p. 82), type 
species P. callytharraensis Thomas, from the Permian of Western Australia, is 
considered as a junior synonym of Werriea (Williams and Brunton, 2000, p. 652). 
 
Orthotetes jugorica Ustritsky, 1960b 
Plate 29, Figures 5-15 
1960b Orthotetes jugorica Ustritsky, p. 100, pl. 2, figs 6-8. 
1979  Orthotetes jugorica Ustritsky; Manankov, p. 49, pl. 2, figs 5-7. 
1991  Orthotetes jugorica Ustritsky; Pavlova in Pavlova et al., p. 92, pl. 22, figs 8-9. 
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2003  Orthotetes jugorica Ustritsky; Afanasjeva et al., p. 99, pl. 36, figs 1-2. 
 
Materials.—Nine specimens. Registered specimens: two incomplete conjoined 
shells (NIGP Oju. 01-02); one ventral valve (NIGP Oju. 03); three dorsal valves 
(NIGP Oju. 04-06) and one external mould of a dorsal valve (NIGP Oju. 07). 
 
Description.—Shell of medium to large size for the genus, subround to 
slightly semicircular in outline; moderately biconvex or somewhat convexo-plane in 
lateral profile; wider than long; the maximum width at hingeline or slightly anterior to 
hingeline; ears distinct and slightly flat; anterior margin broadly rounded; surface 
finely costate. 
Ventral valve slightly transverse, and weakly to moderately convex in lateral 
profile, the most convexity around the median part; umbo small and moderately 
swollen, suberect and slightly distorted, extending well above hingeline; umbonal 
slopes short and gentle; interarea low and triangular; delthyrium and pseudodeltidium 
not well preserved; hinge line nearly straight and about the greatest shell width; lateral 
slopes long and gentle; cardinal extremities subangular to bluntly rounded; ventral 
median fold very low, mostly weak or indistinct among the specimens collected; 
surface ornamentation of fine costae, growth increments and concentric rugae; costae 
narrow, sharply elevated with broader interspaces, increasing by frequent intercalation, 
number 8 to 9 in 5 mm over midlength of both valves, 9 to 10 in 5 mm near anterior 
margin; the crests of costate narrowly rounded; the growth increments fine over entire 
shell; concentric rugae low, six to seven on ventral valve. 
Dorsal valve somewhat more inflated than ventral valve in lateral profile, 
anterior profile evenly arched; umbonal region small and weakly swollen; dorsal 
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interarea linear; very gentle median depression observed on most specimens; anterior 
commissure rectimarginate; ornament on dorsal valve similar to that of ventral valve, 
but rugae slightly lower or indistinct. 
Ventral valve interior not well preserved, major features obscure; dorsal valve 
interior with low and broad cardinalia; cardinal process small and obscure; muscle 
field not clear. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Oju. 01 
NIGP Oju. 02 
NIGP Oju. 03 
NIGP Oju. 04 
NIGP Oju. 05 
NIGP Oju. 06 
NIGP Oju. 07 
31.71 
28.57 
18.39 
13.76 
13.15 
20.74 
13.69 
42.15 
31.10 
21.79 
18.79 
17.71 
29.60 
15.99 
21.92 
13.02 
- 
- 
- 
- 
- 
 
Discussion.— The type specimens of Orthotetes jugorica illustrated by 
Ustritsky (1960b, p. 100, pl. 2, figs 6-8) are larger than the present specimens, but the 
features are same. Our specimens fully agree with the previous description of O. 
jugorica from the Hovsugol area of southeastern Mongolia (Pavlova et al., 1991). The 
specimens collected in this paper and Pavlova‘s speciments are from roughly the same 
horizon. Orthotetes perplexus (Waterhouse, 1981, p. 58, pl. 1, figs 1-7) from the Early 
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Permian of south Thailand is somewhat close to the present species in outline and size, 
but it differs from the Mongolian species in having a more prominent ventral fold, a 
little finer costellae and alate cardinal extremities. O. canadensis (Shi and Waterhouse, 
1996, p. 48, pl. 2, figs 1-10; pl. 3, figs 1-9, 11) from the Sakmarian of the Northern 
Yukon Territory, Canada differs from O. jugorica by its larger size, bigger visceral 
cavity and less prominent sulcate dorsal valve. The present species resembles O. 
afanasjevae Manankov (2004, p. 369, pl. 3, fig. 24) from the Lower Permian (Upper 
Sakmarian – Lower Artinskian) of Central Mongolia in the presence of concentric 
rugae and similar convexity of the valves, but differs in having a slightly larger shell 
size, wider interspaces between the costae and a weak dorsal sulcus.  
 
Occurrence.— HV-5, 14; Hovsugol section, Kungurian. 
 
Family SCHUCHERTELLIDAE Williams, 1953 
Subfamily STREPTORHYNCHINAE Stehli, 1954 
Genus Streptorhynchus King, 1850 
 
Type species.— Terebratulites pelargonatus Schlotheim, 1816, p. 28, pl. 8, figs 21-24 
from the Upper Permian of Zechstein, Germany. 
 
Streptorhynchus King, 1850, p. 107. 
Streptorhynchus Girty, 1908, p. 175. 
Streptorhynchus Sokolskaja, 1954, p. 168. 
Streptorhynchus Thomas, 1958, p. 38. 
Streptorhynchus Sarytcheva et al., 1963, p. 89. 
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Streptorhynchus Waterhouse and Piyasin, 1970, p. 103. 
Streptorhynchus Cooper and Grant, 1974, p. 326. 
Streptorhynchus Grant, 1976, p. 48. 
Streptorhynchus Manankov, 1979, p. 67. 
Streptorhynchus Manankov, 1983, p. 34. 
Streptorhynchus Williams and Brunton, 2000, p. 667. 
 
Discussion.—The diagnostic characters of this genus are: a small to medium 
sized shell with subconical shape and subelliptical outline; weakly to strongly 
costellate with concentric fila and well marked growth lines; ventral valve interior 
devoid of dental plates or septa; dorsal interior with bilobed cardinal process and deep 
sockets supported by divergent crural plates extending forward into dorsal umbonal 
region (Cooper and Grant, 1974; Grant, 1976; Williams and Brunton, 2000). One 
specimen is assigned herein to Streptorhynchus on the basis of its characteristic 
costellae, and the divergent sockets and crural plates in the dorsal valve. 
As discussed by Stehli (1954, p. 299) and Cooper and Grant (1974, p. 326), 
Diplanus Stehli is distinguished from Streptorhynchus by its well developed interarea 
on the dorsal valve and the lamellose costate ornamentation. Also in comparison, 
Arctitreta Whitfield (1908) possesses high dental plates extending to the floor of the 
ventral umbonal region as noted by Waterhouse (1973, p. 35), whereas 
Streptorhynchus differs by having no plates in the ventral valve. 
 
Streptorhynchus sp. 
Plate 29, Figure 16 
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Materials.— One registered specimen: an internal mould of a dorsal valve 
(NIGP Ssp. 01). 
 
Discussion.— This species is represented by a medium sized internal mould of 
a dorsal valve (NIGP Ssp. 01), about 18 mm long and 28 mm wide, in the Hovsugol 
horizon collections. The outline is roughly rectangular in shape and the greatest width 
is probably at the midvalve or slightly anterior to the midvalve. It is weakly and 
evenly convex in both lateral and anterior views with a nearly straight hinge line. The 
costae and costellae are regularly spaced with slightly wider interspaces, increasing in 
number mainly by intercalation. About nine costellae are visible in the space of 5 mm 
at the anterior margin. The dorsal interior has strong and deep dental sockets and a 
subcircular muscle field. 
In surface ornamentation and internal features the present specimen looks very 
close to the dorsal valves described as Streptorhynchus meridionalis Manankov (1983, 
p. 35, pl. 1, figs 3-7; Afanasjeva et al., 2003, p. 97, pl. 36, figs 7-11) from the 
Bajansajrinskij Horizon of the Visean (Carboniferous) in the Deng-Nuru Range of 
southern Mongolia. S. meridionalis however differs by its larger size and subcircular 
outline.  
 
Occurrence.— HV-5; Hovsugol section, Kungurian. 
 
Genus Arctitreta Whitfield, 1908 
 
Type species.— Arctitreta pearyi Whitfield, 1908, p. 57, pl. 2, figs 1-4 from the 
Kungurian beds of Cape Sheridan, Ellesmere Island, Canadian Arctic Archipelago. 
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Arctitreta Whitfield, 1908, p. 57. 
Arctitreta Waterhouse, 1978, p. 22. 
Arctitreta Waterhouse, 1986a, p. 19. 
Arctitreta Manankov in Pavlova et al., 1991, p. 93. 
Arctitreta Shi and Waterhouse, 1996, p. 46. 
Arctitreta Angiolini et al., 1997, p. 386. 
Arctitreta Williams and Brunton, 2000, p. 667. 
Arctitreta Afanasjeva et al., 2003, p. 97. 
 
Discussion.—The differences between Arctitreta Whitfield and 
Streptorhynchus King are outlined in the above discussion. The genus Grumantia 
Ustritsky (1963, p. 70) is considered to be a junior synonym of Arctitreta, as 
discussed in detail by Stehli and Grant (1971, p. 510), Waterhouse (1980, p. 23), 
Waterhouse (1986a, p. 19), Shi and Waterhouse (1996, p. 46) and Williams and 
Brunton (2000, p. 667). 
As noticed by Stehli and Grant (1971, p. 510) and Angiolini et al. (1997, p. 
386), Arctitreta is one of the most common elements in the Arctic Permian, such as A. 
kempei (Dunbar, 1955) from the Late Permian of East Greenland, A. macrocardinalis 
(Kotljar et al., 2004) from the Early Permian (Kungurian) of northern Russia, A. 
peelensis (Shi and Waterhouse, 1996) from the Early Permian (Sakmarian) of Yukon 
Territory, A. sp (Bamber and Waterhouse, 1971) from the Middle Permian (Wordian) 
of Yukon Territory, and A. kempei (Brabb and Grant, 1971) from the Middle Permian 
(Roadian or Wordian) of east central Alaska. It has also been reported from the 
Permian of Australia, for example A. plicatilis (Archbold et al., 1993) from the Early 
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Permian (Sakmarian) of Western Australia, A. crassimurus (Thomas, 1958) from the 
Early Permian (Artinskian and Kungurian) of Western Australia, A. pelicanensis and 
A. sp. (Waterhouse, 1986a) from the Early Permian (Sakmarian to Kungurian) of 
eastern Australia, and transitional zones in Asia, for example A. kempei (Pavlova in 
Pavlova et al., 1991; Afanasjeva et al., 2003) from the Early Permian of Mongolia, A. 
plata and A. sp. from the Late Permian of northwest Nepal (Waterhouse, 1978), A. 
percostata Waterhouse (1982) from the Early Permian (Asselian to Sakmarian) of 
south Thailand, A. bioni (Angiolini et al., 1997) from the Early Permian (Sakmarian) 
of south-eastern Oman, and A. sp. (Archbold et al., 1996) and A. bapensis 
(Waterhouse and Rao, 1989) from the Early Permian (Sakmarian) of peninsular 
Indian. Thus, it generally shows an antitropical distribution model. 
 
Arctitreta kempei (Andersson in Wiman, 1914) 
Plate 29, Figure 17; Plate 30, Figures 1-7 
1914  Streptorhynchus kempei, Andersson in Wiman, p. 58, pl. 10, figs 22-27; pl. 11, 
figs 1-10; pl. 12, figs 1-8; pl. 13, figs 11-13. 
1931  Streptorhynchus kempei, Andersson; Frebold, p. 19, 29, 41, pl. 6, figs 1-3. 
1937a Streptorhynchus kempei, Andersson; Stepanov, p. 109, pl. 1, figs 2, 6. 
1955  Streptorhynchus kempei, Andersson; Dunbar, p. 63, pl. 1, figs 1-13; pl. 32, figs 
9-10. 
1960  Streptorhynchus kempei, Andersson; Harker and Thorsteinsson, p. 50, pl. 15, 
figs 1-6. 
1971  Arctitreta cf. A. kempei (Andersson); Brabb and Grant, p. 14, pl. 2, figs 21-22, 
25. 
1971  Arctitreta kempei (Andersson); Stehli and Grant, p. 510, pl. 61, figs 9-26. 
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1979  Arctitreta kempei (Andersson); Manankov, p. 76, pl. 6, figs 1-4. 
1991  Arctitreta kempei (Andersson); Pavlova in Pavlova et al., p. 94, pl. 22, figs 10-
11. 
2003  Arctitreta kempei (Andersson); Afanasjeva et al., p. 97, pl. 36, figs 5-6. 
 
Materials.—Ten specimens. Registered specimens: one conjoined shell (NIGP 
Ake. 01); three ventral valves (NIGP Ake. 02-04) and one dorsal valve (NIGP Ake. 
05). 
 
Description.—Small to medium size for the genus, elongate to triangular in 
outline; moderately biconvex in lateral profile, with ventral valve slightly less convex 
than dorsal valve; maximum width at anterior third of shell length; cardinal 
extremities subrounded; anterior margin broadly rounded; surface finely costate. 
Ventral valve weakly to moderately convex in both lateral and anterior 
profiles, with the most convex part around posterior third of shell length; umbonal 
region gently convex, anterior moderately convex or gradually increasing in 
convexity; umbo prominent, suberect and slightly distorted; umbonal slopes short and 
moderately steep with posterior margins diverging forward; interarea moderately high 
and triangular in shape; delthyrium narrow and covered by a distinctly convex 
pseudodeltidium; hinge line shorter than the greatest shell width, about two thirds of 
the shell width or less; cardinal extremities bluntly rounded; lateral slopes long and 
gently sloping; lateral and anterior margins broadly rounded; no ventral median sulcus; 
surface with fine radial costellae and weak concentric rugae; costae narrowly rounded 
with slightly wider interspaces, increasing in number by intercalation, number nine to 
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ten in 5 mm over midlength of both valves, ten to 11 in 5 mm near anterior margin; 
concentric rugae low and very weak, three to four on ventral valve. 
Dorsal valve slightly more convex than opposite valve in lateral profile with 
outline subrounded, anterior profile evenly domed; umbonal region low and small; 
dorsal interarea low and nearly linear; anterior commissure rectimarginate; dorsal 
ornament similar to that of ventral valve with weaker or lower rugae. 
The internal structures are not well preserved, only the muscle field is 
impressed on the internal moulds. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW IH 
NIGP Ake. 01 
NIGP Ake. 02 
NIGP Ake. 03 
NIGP Ake. 04 
NIGP Ake. 05 
39.15 
34.87 
20.78 
13.21 
31.93 
31.46 
33.40 
19.66 
14.86 
37.25 
17.17 
- 
- 
- 
- 
18.69 
- 
- 
- 
- 
7.28 
- 
- 
- 
- 
 
Discussion.— The present species differs from Arctitreta peelensis Shi and 
Waterhouse (1996, p. 46, pl. 1, figs 15, 19-24) from the upper Jungle Creek 
Formation (Lower Permian) of the Northern Yukon Territory, Canada by its less 
elongate outline, larger muscle field and finer costellae. A. kempei differs from the 
type species A. pearyi Whitfield (1908, p. 57, pl. 2, figs 1-4) from the Kungurian beds 
of Cape Sheridan, Ellesmere Island, Canadian Arctic Archipelago in having a much 
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smaller shell size and finer costellae. A. bapensis Waterhouse and Rao [1989, p. 26, 
fig. 3(1-4)] from the Asselian Bap Formation of Peninsula India is similar to the 
present species in size and overall shape, but is distinguished by its finer costellae on 
the dorsal valve, which number 12-24 in five mm near the mid-length, and broader 
umbonal region. A. percostata Waterhouse (1982, p. 341, pl. 1, figs 1-7) from the 
pebbly mudstones of south Thailand in the Phuket Group of Asselian age (possibly 
Lower Sakmarian age) differs from A. kempei in having stronger rugae and a weak 
sulcus on both the ventral and dorsal valves. 
 
Occurrence.— HV-5, 14; Hovsugol section, Kungurian. 
 
Order RHYNCHONELLIDA Kuhn, 1949 
Superfamily PUGNACOIDEA Rzhonsnitskaia, 1956 
Family PUGNACIDAE Rzhonsnitskaia, 1956 
Genus Rhynoleichus Abramov and Grigorjeva, 1983 
 
Type species.— Rhynoleichus delenjaensis Abramov and Grigorjeva, 1983, p. 96, pl. 
11, figs 8-9 from the Upper Carboniferous of the west Verkhoyansk Region, Russia. 
 
Rhynoleichus Abramov and Grigorjeva, 1983, p. 95. 
Rhynoleichus Abramov and Grigorjeva, 1988, p. 139. 
Rhynoleichus Shi and Waterhouse, 1996, p. 108. 
Rhynoleichus Savage, 2002, p. 1375. 
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Discussion.—According to Abramov and Grigorjeva (1983, p. 95), the 
diagnostic features of Rhynoleichus are as follows: shell medium to large, rounded-
triangular to rounded-trapezoidal outline with strongly dorsally folded, triangular 
anterior commissure and differing degrees of steepness on flanks; anterior 
commissure broadly uniplicate; fold and sulcus developed in anterior half of the shell, 
very wide with tongue prominent and deeply indenting dorsal valve; ventral valve flat 
or weakly convex over umbonal region and dorsal valve strongly inflated; flanks 
smooth, costae few and only over fold and sulcus, commencing at some distance from 
umbo; ventral valve interior with short divergent dental plates, not reaching posterior 
third of shell length; dorsal valve interior with short and low median septum; 
septalium small and buried by umbonal callus; hinge plate triangular, thickened and 
divided. 
Rhynoleichus is a relatively new genus, originally identified and described in 
Russian by Abramov and Grigorjeva (1983). Shi and Waterhouse (1996) published 
the first English translation of the genus diagnosis. However, the new treatise treated 
the present genus as a nomen dubium (Savage, 2002, p. 1375), nevertheless, in this 
study, we follow the original classification of Abramov and Grigorjeva (1983, p. 95) 
and put the genus into the family Pugnacidae Rzhonsnitskaia (1956). 
With the exception of the type species, other species included into 
Rhynoleichus are R. triangulatum Abramov and Grigorjeva, R. bulgakovae Abramov 
and Grigorjeva from the Carboniferous of the Verkhoyansk Region, Russia; R. 
etschiensis Abramov and Grigorjeva, R. subglobosus Abramov and Grigorjeva from 
the Permian of the Verkhoyansk Region, Russia; R. dsilensis Pavlova from the 
Permian of southern Mongolia and R. dorsoconvexa Shi and Waterhouse from the 
Permian of the Northern Yukon Territory, Canada. 
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Rhynoleichus delenjaensis Abramov and Grigorjeva, 1983 
Plate 30, Figures 8-19; Plate 31, Figures 1-3 
1983  Rhynoleichus delenjaensis Abramov and Grigorjeva, 1983, p. 96, pl. 11, figs 8-
9, text-figure 23. 
1988  Rhynoleichus delenjaensis Abramov and Grigorjeva; Abramov and Grigorjeva, 
p. 141, pl. 15, figs 8-14, 18, 20, text-figures 45-46. 
 
Materials.—Three specimens. Registered specimens: three conjoined shells 
(NIGP Rde. 01-03). 
 
Description.— Shell medium to large in size, length 13-19 mm and width 13-
24 mm with thickness 9-10 mm; rounded triangular in outline; strongly and unequally 
biconvex with flattened ventral valve and greatly inflated dorsal valve in lateral view, 
anterior view highly domed; wider than long, with greatest width at about two thirds 
length of shell from the beak; anterior commissure strongly folded dorsally; surface 
costae only over fold and sulcus, other part smooth. 
Ventral valve gently convex in lateral profile, relatively stronger convexity 
over umbonal region and anteriorly flat to slightly concave, anterior half broadly and 
deeply sulcate; umbo small and low, slightly extended with small circular foramen; 
umbonal angle about 90°; umbonal slopes very short and steep, somewhat concave; 
lateral slopes long and gentle; cardinal extremities broadly rounded into lateral 
margins with well rounded anterolateral margins; sulcus beginning from midlength, 
quickly widening and deepening toward the anterior margin, delimited by high and 
steep sides, broadly U-shaped in section, occupying half to two thirds of shell width at 
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front; anterior tongue pronounced, short and deeply indenting dorsal valve; surface 
smooth, but sulcus carrying four to five slightly high and broad costae, arising 
simultaneously with sulcus with sharp crest and low and well rounded interspaces; 
concentric lines weak. 
Dorsal valve strongly convex (much more convex than ventral valve) in lateral 
profile, with the strongest convexity slightly posterior to midvalve; dorsal fold broad 
and high, originating around midvalve, widening and heightening anteriorly with 
steep lateral slopes, anteriorly sharply meeting sulcal tongue; fold with four to five 
high and sharp-crested costae, separated by deep and angular interspaces; concentric 
growth lines weak. 
Ventral valve interior with short and thick dental plates; dorsal valve interior 
with moderately long median septum; muscle scars obscure. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Rde. 01 
NIGP Rde. 02 
NIGP Rde. 03 
18.25 
13.66 
13.25 
23.21 
18.51 
13.53 
9.01 
9.81 
9.97 
 
Discussion.— Rhynoleichus delenjaensis was proposed by Abramov and 
Grigorjeva in 1983 from the Upper Carboniferous Sieder Suite of the Verchoyan 
Mountains. Abramov and Grigorjeva (1988) also recorded the present species from 
the Aktastinian lower Echii Suite of the same region. Our specimens are comparable 
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with the figures provided by Abramov and Grigorjeva from these localities (1983, p. 
96, pl. 11, fig. 8; 1988, p. 141, pl. 15, figs 8-14). 
R. dsilensis Pavlova (Pavlova et al., 1991, p. 123, pl. 29, fig. 1) from Upper 
Permian of southern Mongolia differs from R. delenjaensis by its larger size, less 
sharp costae and more rounded sides. As pointed out by Shi and Waterhouse (1996), 
R. dorsoconvexa (Shi and Waterhouse, 1996, p. 108, pl. 20, figs 1-13) from the 
Permian of northern Yukon Territory, Canada approaches the present species in many 
aspects, however, the Yukon species only has two costae over the sulcus and fold, and 
the shell size is larger than our Mongolian specimens. 
 
Occurrence.— HV-5, 7, 15; Hovsugol section, Kungurian. 
 
Order RHYNCHONELLIDA Kuhn, 1949 
Superfamily STENOSCISMATOIDEA Oehlert, 1887 
Family STENOSCISMATIDAE Oehlert, 1887 
Subfamily STENOSCISMATINAE Oehlert, 1887 
Genus Stenoscisma Conrad, 1839 
 
Type species.— Terebratula schlottheimii Buch, 1834, p. 59, pl. 2, figs 32a-c from the 
Middle Zechstein (Upper Permian), Germany. 
 
Stenoscisma Conrad, 1839, p. 59. 
Stenoscisma Stehli, 1954, p. 338. 
Stenoscisma Grant, 1965, p. 138. 
Stenoscisma Cooper and Grant, 1976a, p. 2081. 
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Stenoscisma Waterhouse, 1980, p. 52. 
Stenoscisma Waterhouse, 1981, p. 91. 
Stenoscisma Abramov and Grigorjeva, 1983, p. 106. 
Stenoscisma Shen et al., 2000, p. 744. 
Stenoscisma Carlson and Grant, 2002, p. 1219. 
 
Discussion.—The long history of the genus Stenoscisma, including its type 
species, nomenclature, synonymy and comparisons to other genera, can be found in 
the intensive studies of Stehli (1954, p. 338), Grant (1965, p. 138) and Cooper and 
Grant (1976a, p. 2081). The discussions and comparisons in these studies are clear 
and complete, thus it is not necessary to discuss the genus from the point of its type 
species, nomenclature, synonymy and comparison here. 
Although the characteristics of each individual species of Stenocisma are very 
varied, the genus as a whole is characterised by its broadly subtriangular to triangular 
outline, biconvex shape, prominent ventral beak and a ventral sulcus and dorsal fold 
throughout most stages of growth (Stehli, 1954; Carlson and Grant, 2002). Internally, 
Stenoscisma is recognized by its strong spondylium supported by a median septum in 
the ventral valve and a large spoon-shaped camarophorium supported by a strong and 
high median septum in the dorsal valve (Cooper and Grant, 1976a; Carlson and Grant, 
2002). 
 
Stenoscisma biplicatum (Stuckenberg, 1898) 
Plate 31, Figures 4-13 
1898  Camarophoria biplicata Stuckenberg, p. 230, pl. 3, fig. 18. 
1902  Camarophoria biplicata Stuckenberg; Tschernyschew, p. 83, pl. 50, figs 8-10. 
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1939  Camarophoria biplicata Stuckenberg; Licharew and Einor, p. 71, pl. 14, fig. 6. 
1974  Stenoscisma biplicata (Stuckenberg); Kulikov, p. 94, pl. 5, fig. 3. 
1976  Stenoscisma biplicata (Stuckenberg); Lee and Gu, p. 271, pl. 142, fig. 12. 
1979  Stenoscisma biplicata (Stuckenberg); Liao, pl. 3, figs 11-12. 
1985  Stenoscisma biplicata (Stuckenberg); Lee and Duan, p. 244, pl. 76, figs 5-7, 15. 
1991  Stenoscisma biplicatum (Stuckenberg); Pavlova in Pavlova et al., p. 120, pl. 28, 
figs 7-8. 
1999  Stenoscisma biplicata (Stuckenberg); Fan and He, p. 129, pl. 23, figs 6-7. 
2003  Stenoscisma biplicatum (Stuckenberg); Afanasjeva et al., p. 72, pl. 17, fig. 7. 
 
Materials.—Eleven specimens. Registered specimens: two incomplete 
conjoined shells (NIGP Sbi. 01-02); one ventral valve (NIGP Sbi. 03) and one internal 
mould of a ventral valve (NIGP Sbi. 04). 
 
Description.— Shell somewhat small in size for genus, biconvex in lateral 
view, dorsal valve slightly more convex than ventral valve, broadly subtriangular to 
triangular in outline; wider than long, with greatest width at two thirds length of shell 
from the beak; cardinal extremities rounded; anterior commissure moderately to 
strongly folded towards the dorsal valve; surface sparsely costate, costae of ventral 
valve weakly developed, conspicuous or stronger only at front part of sulcus, flanks of 
ventral valve smooth or indistinctly costate, those of dorsal valve with few strong 
costae. 
Ventral valve gently convex in lateral profile, relatively stronger convexity 
around umbonal region and weaker or only slightly convex on anterior half of valve; 
umbo small and strongly incurved, with umbonal angle about 90°; beak strongly 
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incurved and partly to completely covering the top of the dorsal valve; umbonal 
slopes very short and steep, somewhat concave; lateral slopes slightly long and gentle; 
sulcus beginning slightly anterior to midvalve, broad and shallow, deeping gradually 
toward the anterior margin and extending into truncated tongue; surface with simple 
costae, relatively fine and low, becoming coarser anteriorly; costae rounded, 
numbering 2 to 4 on sulcus, but normally only two large, conspicuous costae; 
concentric lines weak. 
Dorsal valve moderately convex in lateral profile, and anterior profile broadly 
domed, with the strongest convexity around midvalve; dorsal beak strongly incurved 
into ventral umbo; dorsal fold broad and moderately high, originating slightly 
posterior to midvalve, widening and heightening anteriorly, and gradually elevated 
above flanks; anterior margin of fold strongly deflected dorsally; surface with 2 to 4 
costae developed, but similar to ventral valve, two conspicuous or stronger costae on 
fold. 
Ventral valve interior with strong V shaped spondylium formed by two 
conjunct dental plates; median septum moderately high; dorsal valve interior not clear. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Sbi. 01 
NIGP Sbi. 02 
NIGP Sbi. 03 
NIGP Sbi. 04 
14.18 
15.95 
13.83 
10.60 
17.76 
16.14 
16.46 
14.46 
9.48 
11.03 
- 
- 
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Discussion.— Stenoscisma biplicatum is characterised by its small size, 
broadly subtriangular to triangular outline, biconvex shell, two large, conspicuous 
costae and strong V shaped spondylium inside the ventral valve. It most closely 
resembles S. quasimutabilis Waterhouse (1981, p. 91, pl. 19, figs 3-17; pl. 20, figs 1-6) 
from the Ko Yao Noi Formation of Artinskian age in southern Thailand, with its 
triangular shell and broad sulcus, but differs in its smaller size, and by having less 
costae on the sulcus and fold, fewer and weaker costae over the flanks and a dorsal 
valve that is more convex than the ventral valve. S. multicosta Stehli (1954, p. 339, pl. 
25, figs 7-9) from the Bone Spring Formation of Kungurian age in West Texas, USA 
differs from present species by its large shell, and abundant and relatively fine 
costation. 
 
Occurrence.— HV-5, 7, 8, 13, 14; Hovsugol section, Kungurian. 
 
Stenoscisma sp. 
Plate 31, Figure 14 
 
Materials.— One registered specimen: an incomplete dorsal valve (NIGP Ssp. 
01). 
 
Discussion.— This species is represented by two medium sized incomplete 
specimens, one dorsal valve (NIGP Ssp. 01) and a conjoined shell (only about half of 
the complete shell), about 18 mm long and 25 mm wide, in the Hovsugol horizon 
collections. The outline is transversely elliptical and the greatest width is slightly 
226  
anterior to the midvalve. The profile of the specimen is moderately to strongly 
biconvex with the greatest convexity around the midvalve. The dorsal valve is more 
convex than the ventral valve. The ventral valve has a broad and deep sulcus with 
weak costae posteriorly, but the costae start to become bigger and higher towards the 
sulcus, and change to plicae at the anterior part of the sulcus. The costae number 
about 6 along the anterior margin. The dorsal valve has a strong fold with four to six 
costae on it, similar to the opposite valve, the costae on the dorsal valve also change 
to plicae toward the anterior margin of the fold. 
The current species differs from S. biplicatum, described above, by its bigger 
shell size, deeper sulcus and higher fold, more costae on both valves and prominent 
plicae on the anterior part of the sulcus and fold. 
 
Occurrence.— HV-14, 15; Hovsugol section, Kungurian. 
 
Genus Camerisma Grant, 1965 
 
Type species.— Camerisma prava Grant, 1965, p. 66, pl. 8, figs 1-1b from the Upper 
Mississippian limestone, Craig Quadrangle, southeastern Alaska, USA. 
 
Camerisma Grant, 1965, p. 63. 
Camerisma Sarytcheva, 1968, p. 163. 
Camerisma Grant, 1971, p. 323. 
Camerisma Abramov and Grigorjeva, 1983, p. 102. 
Camerisma Liu and Waterhouse, 1985, p. 26. 
Camerisma Carlson and Grant, 2002, p. 1220. 
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Discussion.— Camerisma was proposed by Grant (1965, p. 63) when making 
a systematic study of the brachiopod superfamily Stenoscismatacea. As described by 
Grant, Camerisma is characterised by its smooth or nearly smooth shell (some 
reported species have weak costae on the ventral sulcus or dorsal fold, such as Liu and 
Waterhouse, 1985; Solomina, 1978 etc.), biconvex profile with thick shell walls, high 
vaulted fold and broad shallow sulcus. The ventral valve interior has thick dental 
plates which unite at the midline to form spondylium and median septum duplex. The 
dorsal valve interior has a camarophorium, well developed cardinal process, 
undivided hinge plate, thick and prominent intercamarophorial plate and medium 
septum duplex. 
Camerisma is easily distinguished from Stenoscisma Conrad (1839) by its 
smooth shell. Coledium Grant (1965, p. 95) is also smooth or weakly costate, similar 
to present genus, but it is commonly very small and has less thick shell walls. 
 
Camerisma lazarevi Pavlova in Pavlova et al., 1991 
Plate 31, Figures 15-20; Plate 32, Figures 1-7 
1991  Camerisma lazarevi Pavlova in Pavlova et al., p. 122, pl. 28, figs 3-5. 
2003  Camerisma lazarevi Pavlova; Afanasjeva et al., p. 72, pl. 17, figs 8-9. 
 
Materials.—Sixteen specimens. Registered specimens: two complete 
conjoined shells (NIGP Cla. 01-02); one incomplete conjoined shell (NIGP Cla. 03) 
and two ventral valves (NIGP Cla. 04-05). 
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Description.—Shell of medium to large size, elongated subtriangular to 
angular in outline; moderately to strongly biconvex in lateral profile; longer than wide; 
the greatest width close to anterior margin; cardinal extremities broadly rounded; 
anterior commissure moderately to strongly uniplicate; costae entirely absent, surface 
with fine concentric growth lines. 
Ventral valve somewhat elongate, and moderately convex in lateral profile, the 
greatest convexity around the posterior part of the valve; umbo small and strongly 
incurved with short, steep and slightly concave umbonal slopes; beak short and thick, 
recurved against dorsal umbo; lateral slopes long and gently inclined; sulcus 
originating slightly posterior to midvalve, broad and shallow, deeping and widing 
gradually toward the anterior margin; some specimens with very weak, wide and 
shallow sulcus toward anterior margin; surface smooth, with fine concentric growth 
lines; growth laminae slightly stronger and more frequent near margin. 
Dorsal valve strongly convex in lateral profile, anterior profile strongly 
convex along crest of dorsal fold; dorsal beak strongly incurved into ventral umbo; 
dorsal fold originating not far from umbo, broad and low, gradually widening and 
heightening anteriorly with rounded crest; some specimens with weak, wide and 
moderately high fold; surface smooth, with concentric growth lines and growth 
laminae similar to those of ventral valve. 
Ventral valve interior with dental plates forming spondylium elevated on 
median septum; dorsal valve interior with camarophorium; other features not 
observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
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Specimen no. L W T 
NIGP Cla. 01 
NIGP Cla. 02 
NIGP Cla. 03 
NIGP Cla. 04 
NIGP Cla. 05 
31.48 
43.06 
23.62 
29.36 
19.38 
21.18 
28.22 
21.88 
28.44 
17.52 
10.69 
18.02 
13.58 
- 
- 
 
Discussion.— Camerisma lazarevi is named by Pavlova in Pavlova et al., 
1991 from the Hovsugol area of southeastern Mongolia, where the present specimens 
were collected. Basically, the specimens of C. lazarevi described here are identical 
with those described by Pavlova (Pavlova et al., 1991) in all observed respects. One 
of the specimens (NIGP Cla. 01) especially looks the specimen Pavlova figured in 
plate 28, figure 3 (Pavlova et al., 1991, p. 122, pl. 28, fig. 3). 
C. rhomboidea (Liu and Waterhouse, 1985, p. 26, pl. 5, figs 23-24; pl. 6, figs 
1-4) from the Middle Permian of Inner Mongolia, differs from the present species by 
its rhomboidal outline, deep sulcus and the costae on the ventral sulcus and dorsal 
fold. C. rasililaterensis Solomina (1978, p. 113, pl. 9, figs 25-28; see also Abramov 
and Grigorjewa, 1983, p. 103, pl. 15, figs 1-6) from the mid-Carboniferous Syorgan 
Suite of Verchoyan, Siberia, is closely related with C. lazarevi, but differs in having a 
transverse shell and fine costae on the ventral sulcus. Compared with C. lazarevi, C. 
judomaensis (Abramov, 1974, p. 83, pl. 2, figs 1-2) has a weaker ventral sulcus and 
stronger concentric growth lines or concentric growth laminae.  
 
Occurrence.— HV-5, 8, 9; Hovsugol section, Kungurian. 
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Family PSILOCAMARIDAE Grant, 1965 
Subfamily CYROLEXINAE Carlson and Grant, 2002 
Genus Callaiapsida Grant, 1971 
 
Type species.— Camerisma (Callaiapsida) kekuensis Grant, 1971, p. 330, pl. 3, figs 
11-17, 22 from the Halleck Formation, Kuiu Island and Keku Islets, Alaska, USA. 
 
Camerisma (Callaiapsida) Grant, 1971, p. 323. 
Camerisma (Callaiapsida) Martinez-Chacon, 1977, p. 210. 
Camerisma (Callaiapsida) Pavlova in Pavlova et al., 1991, p. 122. 
Camerisma (Callaiapsida) Shi and Waterhouse, 1996, p. 116. 
Callaiapsida Carlson and Grant, 2002, p. 1229. 
 
Discussion.— The genus Callaiapsida was originally defined by Grant (1971, 
p. 323) as a new subgenus of Camerisma, but Carlson and Grant (2000, p. 1229) 
proposed it to be a genus. In this study, I follow Carlson and Grant‘s suggestion to 
treat it as a separate genus. According to Grant (1971, p. 323), the main features of 
Callaiapsida are a large and biconvex shell, a triangular to rhomboid outline, no 
costae, strong and angular uniplication, a high fold with sharp crest and deep sulcus 
with median groove. Its dorsal flange are strongly overlapping the ventral flange and 
the commissure is protected by thin flap of the dorsal valve. Internally, it is as in 
Camerisma, but the intercamarophorial plate is normally buried in shell that fills the 
space between the hinge plate and the camarophorium. Grant (1971) further discussed 
the autecology and functional morphology of Callaiapsida, and indicated that 
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Callaiapsida may have lived free on the sea floor, most likely completely buried, and 
obtained feeding currents through an ingenious pair of peripheral pipes. The function 
of the flanges and flaps were possibly for the shell to gape only at the crest of the fold, 
while both valves remained effectively closed around most of the commissure. As far 
as the Mongolian material is concerned, the peculiar peripheral structures are not well 
preserved. 
Species of Callaiapsida differ from species of Camerisma Grant (1965) by 
their much larger shell size, deep peripheral grooves and their peculiar set of flaps and 
flanges (Grant, 1971). 
 
Callaiapsida arctica (Holtedahl, 1924) 
Plate 32, Figures 8-14; Plate 33, Figures 1-16; Plate 34, Figures 1-19; Plate 35, 
Figures 1-14 
1911  Camarophoria pentameroides Holtedahl (not Tschernyschew, 1902), p. 19, pl. 
2, figs 5-6. 
1924  Camarophoria sella var. arctica Holtedahl, p. 34, pl. 21, figs 1-2. 
1939  Camarophoria sella var. arctica Holtedahl; Licharew and Einor, p. 69, 208, pl. 
14, figs 5a-5b. 
1964  Laevicamera cf. arctica (Holtedahl); Gobbett, p. 128, pl. 16, figs 13-16. 
1963  Laevicamera pentameroides (Tschernyschew); Ustritsky, p. 100, pl. 27; fig. 14; 
pl. 28, fig. 1. 
1971  Camerisma (Callaiapsida) arctica (Holtedahl); Grant, p. 327, pl. 3, figs 1-10, 
18-21. 
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Materials.—Fifty-five specimens. Registered specimens: ten nearly complete 
conjoined shells (NIGP Car. 01-10); four ventral valves (NIGP Car. 11-14); one 
internal mould of a ventral valve (NIGP Car. 15) and one external mould of a ventral 
valve (NIGP Car. 16). 
 
Description.—Shell large size for genus, average length about 36 mm and 
width about 43 mm, outline rhomboid to wedgelike; moderately to strongly biconvex 
in lateral profile, dorsal valve more convex than ventral valve; wider than long, a few 
specimens deformed and measured slightly longer than wide; the greatest width 
anterior to midlength, or mid way between shell midlength and anterior margin; 
anterior commissure strongly uniplicate with high fold on dorsal valve and deep 
sulcus on ventral valve, producing effect of slightly narrow gothic arch from anterior 
view with crest normally deflected slightly left or right; surface ornament weak, 
mostly with light to moderate concentric growth lines. 
Ventral valve moderately to strongly convex in lateral profile, the greatest 
convexity around umbonal region or slightly anterior to umbonal region; umbo 
prominent, strongly extended and incurved; beak thick and strongly curved over 
dorsal umbo and without pedicle foramen; umbonal region strongly convex with 
anterior sulcate broad and strong; umbonal slopes high, steep and slightly concave; 
umbonal angle around 800; lateral slopes moderately long and gently inclined; 
posterolateral margins somewhat overlapped by opposite margins; sulcus originating 
around shell midlength, shallow and nearly flat-bottomed posteriorly, quickly 
deepening and widening anteriorly toward anterior margin with median groove; 
anterior tongue long and deeply V-shaped; surface with concentric growth lines 
regularly distributed. 
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Dorsal valve strongly convex and nearly straight along crest of fold in lateral 
profile, and anterior profile also strongly convex along crest of dorsal fold; dorsal 
beak and umbo strongly incurved into ventral umbo; umbonal region swollen and 
flanks sloping steeply from crest of fold; dorsal fold beginning from midlength or 
slightly posterior, high and well demarcated from flanks at middle, and meeting sulcal 
tongue at anterior margin; fold crest somewhat sharp; concentric growth lines on 
surface. 
Interior of ventral valve thickened at posterior; spondylium relatively large, 
wide and long, posteriorly inserting into shell wall, anteriorly isolated from posterior 
wall and supported by median septum; interior of dorsal valve less thickened; cardinal 
process large; camarophorium buried by umbonal thickening and extending forward, 
supported by high and massive median septum duplex. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Car. 01 
NIGP Car. 02 
NIGP Car. 03 
NIGP Car. 04 
NIGP Car. 05 
NIGP Car. 06 
NIGP Car. 07 
NIGP Car. 08 
46.01 
33.62 
33.83 
30.59 
37.41 
36.80 
27.30 
31.49 
42.68 
50.09 
36.32 
37.84 
40.28 
40.47 
35.23 
37.12 
20.85 
25.46 
24.39 
23.25 
22.59 
19.81 
23.66 
18.69 
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NIGP Car. 09 
NIGP Car. 10 
NIGP Car. 11 
NIGP Car. 12 
NIGP Car. 13 
NIGP Car. 14 
NIGP Car. 15 
NIGP Car. 16 
38.90 
32.75 
39.02 
38.89 
42.55 
28.62 
36.56 
39.12 
33.10 
38.02 
47.77 
52.58 
43.04 
41.01 
52.25 
34.49 
16.38 
17.67 
- 
- 
- 
- 
- 
- 
 
Discussion.— As discussed by Grant (1971, p. 328), Callaiapsida arctica is 
characterised by its large size, wide and rhomboid outline, sharp and high fold, deep 
and V-shaped ventral sulcus and moderately convex ventral valve. One of the closest 
species to Callaiapsida arctica is C. kekuensis (Grant, 1971, p. 330, pl. 3, figs 11-17, 
22) from the Halleck Formation of the Kuiu Island and Keku Islets, southeastern 
Alaska, USA, of probable Artinskian age. However according to Grant (1971), C. 
kekuensis has on average a larger shell size, the sharp fold is further forward, and its 
sulcus and fold project forward rather than wrapping around the anterior to become 
perpendicular to the commissure as in C. arctica. The species of C. alcaldei 
(Martinez-Chacon, 1977, p. 211, pl. 29, figs 1-7; text-fig. 3) and C. paucicostata 
(Martinez-Chacon, 1977, p. 214, pl. 29, figs 8-12; text-figs 4-5) from Valdeteja and 
San Emiliano formations of Bashkirian age, Oviedo and Leon, Spain are close to the 
present species in general outline and gothic arch anterior view, but they are 
distinguished by their smaller shell size and less well developed peripheral grooves. 
Furthermore, C. paucicostata is said to have one to three ribs on its flanks, while C. 
arctica has no ribs on its flanks.  
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Occurrence.— HV-5, 8; Hovsugol section, Kungurian. 
 
Callaiapsida sp. 
Plate 35, Figures 15-19; Plate 36, Figures 1-20; Plate 37, Figures 1-4 
 
Materials.—Seventeen specimens. Registered specimens: five nearly complete 
conjoined shells (NIGP Csp. 01-05); three ventral valves (NIGP Csp. 06-08) and two 
internal moulds of ventral valves (NIGP Csp. 09-10). 
 
Description.— Shell medium to large size, average length about 34 mm and 
width about 37 mm, with outline subtriangular to subcircular; moderately biconvex in 
lateral profile, dorsal valve more convex than ventral valve; slightly wider than long; 
the greatest width slightly anterior to midlength; anterior commissure gently 
uniplicate with low fold on dorsal valve and shallow sulcus on ventral valve; surface 
ornament weak, with light to moderate concentric growth lines. 
Ventral valve weakly to moderately convex in lateral profile, the greatest 
convexity slightly anterior to umbonal region; umbo inflated and strongly incurved; 
beak moderately thick and strongly curved over dorsal umbo; umbonal region 
moderately to strongly convex with relatively high, steep and slightly concave 
umbonal slopes; umbonal angle around 700; lateral slopes long and gently inclined; 
sulcus originating slightly anterior to shell midlength, shallow and nearly flat-
bottomed, gradually deepening and widening anteriorly toward anterior margin with 
gentle anterior tongue; surface with weak concentric growth lines. 
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Dorsal valve moderately to strongly convex in lateral profile, and anterior 
profile moderately to strongly domed; dorsal beak and umbo strongly incurved into 
ventral umbo; umbonal region moderately swollen with gradually sloping flanks; 
dorsal fold beginning from midvalve, broad and low, gradually becoming wider and 
higher toward anterior margin with rounded crest; similar to ventral valve, surface 
with weak concentric growth lines. 
Interior of ventral valve thickened at posterior; spondylium moderately large, 
wide and long; interior of dorsal valve slightly less thickened. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Csp. 01 
NIGP Csp. 02 
NIGP Csp. 03 
NIGP Csp. 04 
NIGP Csp. 05 
NIGP Csp. 06 
NIGP Csp. 07 
NIGP Csp. 08 
NIGP Csp. 09 
NIGP Csp. 10 
31.51 
36.29 
30.66 
31.45 
28.99 
46.18 
34.18 
32.20 
32.49 
27.04 
31.80 
43.57 
32.59 
34.21 
35.77 
48.26 
38.19 
35.34 
33.63 
33.20 
14.61 
14.43 
17.87 
21.93 
17.19 
- 
- 
- 
- 
- 
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Discussion.— The present species is slightly smaller than Callaiapsida arctica 
described above, and also has a much lower dorsal fold and much shallower ventral 
sulcus. From the anterior view, C. sp. has a low rounded arch, while C. arctica has a 
typical gothic arch shape. Therefore, it should be one species of the genus 
Callaiapsida, but at the same time, it is different from C. arctica in many aspects as 
described and discussed above. 
 
Occurrence.— HV-5; Hovsugol section, Kungurian. 
 
Superfamily RHYNCHOPOROIDEA Muir-Wood, 1955 
Family RHYNCHOPORIDAE Muir-Wood, 1955 
Subfamily RHYNCHOPORINAE Muir-Wood, 1955 
Genus Rhynchopora King, 1865 
 
Type species.— Terebratula geinitziana Verneuil, 1845, p. 83, pl. 10, figs 5a-5b from 
the lower Kazanian of North Dvina River Basin, Shidrovo, northern European Russia. 
 
Rhynchopora King, 1865, p. 124. 
Rhynchopora Dunbar, 1955, p. 113. 
Rhynchopora Gobbett, 1964, p. 129. 
Rhynchopora Cooper and Grant, 1976b, p. 2651. 
Rhynchopora Koczyrkevicz, 1979, p. 41. 
Rhynchopora Abramov and Grigorjeva, 1983, p. 109. 
Rhynchopora Shi and Tazawa, 2001, p. 758. 
Rhynchopora Savage, 2002, p. 1232. 
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Discussion.— The diagnostic features of the present genus have been 
discussed many times in previous studies (Dunbar, 1955; Gobbett, 1964; Cooper and 
Grant, 1976b; Koczyrkevicz, 1979; Abramov and Grigorjeva, 1983; Savage, 2002). 
However, it is worth noting that in studying the Permian silicified brachiopods of 
West Texas, Cooper and Grant (1976b, pp. 2651-2656) provided detailed descriptions 
of both the external and internal features of Rhynchopora, especially some of the 
internal details like the hinge plate, crura, apical chamber, median septum and anterior 
sieve. 
As discussed by Shi and Tazawa in 2001, from both stratigraphical and 
paleogeographical views, Rhynchopora is a relatively long ranging genus, spanning 
the entire Carboniferous to the Permian and having been reported from most areas 
around the world. But in the Permian time, Rhynchopora was largely confined to the 
middle and high latitudinal regions of both hemispheres, indicating a conspicuous 
‗bipolar‘ or ‗bitemperate‘ (terms of Shi and Grunt, 2000) distribution pattern. The 
exceptional reported areas of a paleoequatorial setting for Rhynchopora are from 
southwest USA and Mexico during the Permian time. These have been discussed and 
explained by Shi and Tazawa (2001, p. 758). 
 
Rhynchopora nikitini Tschernyschew, 1885 
Plate 37, Figures 5-18 
1885  Rhynchopora nikitini Tschernyschew, p. 295, pl. 18, figs 34-36. 
1889  Rhynchopora nikitini Tschernyschew; Tschernyschew, p. 275, pl. 6, figs 20a-
20c. 
1890  Rhynchopora nikitini Tschernyschew; Nikitin, p. 70, pl. 3, figs 14a-14b. 
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1894  Rhynchopora nikitini Tschernyschew; Netschajew, p. 178, pl. 5, figs 14a-14b. 
1898  Rhynchopora nikitini Tschernyschew; Stuckenberg, p. 228, pl. 3, figs 11-12. 
1902  Rhynchopora nikitini Tschernyschew; Tschernyschew, p. 73. 
1914  Rhynchopora nikitini Tschernyschew; Kozlowski, p. 84, pl. 9, figs 67-70. 
1914  Rhynchopora nikitini Tschernyschew; Wiman, p. 26, pl. 1, figs 13-20. 
1937b Rhynchopora nikitini Tschernyschew; Stepanov, p. 59, pl. 7, figs 6-11; pl. 12, 
figs 1-2. 
1944  Rhynchopora nikitini Tschernyschew var. scorsa; Reed, p. 129, pl. 21, figs 5-8c. 
1952  Rhynchopora nikitini Tschernyschew; Sarytcheva and Sokolskaja, p. 238, pl. 68, 
fig. 410. 
1964  Rhynchopora nikitini Tschernyschew; Gobbett, p. 129, pl. 16, figs 18-21. 
1967  Rhynchopora nikitini Tschernyschew; Mironova, p. 41. 
1970  Rhynchopora nikitini Tschernyschew; Abramov, p. 133, pl. 17, figs 7-10. 
1974  Rhynchopora nikitini Tschernyschew; Kulikov, p. 95, pl. 5, figs 8a-8e. 
1979  Rhynchopora nikitini Tschernyschew; Nikolskaya, p. 46, pl. 2, figs 2-4. 
1983  Rhynchopora nikitini Tschernyschew; Zhang et al., p. 330, pl. 135, figs 2a-2e; 
pl. 136, figs 4a-4e. 
 
Materials.— Forty-five specimens. Registered specimens: two ventral valves 
(NIGP Rni. 01-02); one external mould of a ventral valve (NIGP Rni. 03) and eight 
dorsal valves (NIGP Rni. 04-11). 
 
Description.— Shell small to medium in size for genus, average length about 
8 mm and width about 11 mm, transversely subpentagonal to pentagonal in outline; 
wider than long, the greatest width around midvalve; moderately and unequally 
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biconvex shell with flattened or weakly convex ventral valve and much more inflated 
dorsal valve in lateral view; lateral flanks broadly rounded; anterior commissure 
moderately to strongly uniplicate with relatively high fold on dorsal valve and 
moderately deep sulcus on ventral valve; surface strongly costae. 
Ventral valve weakly convex in lateral profile, the greatest convexity slightly 
anterior to umbonal region; umbo small, moderately extended and incurved; umbonal 
region moderately inflated with short and gently concave umbonal slopes; lateral 
slopes long and gradually inclined; sulcus commencing slightly anterior to midlength, 
shallow and flat-bottomed posteriorly, gradually widening and deepening anteriorly 
with flat floor; anterior tongue low and broad, flanks slightly narrower than sulcus; 
surface costae prominent, originating from beak, posteriorly fine, low and rounded, 
becoming higher and wider anteriorly still with rounded crests; generally six costae 
over sulcus and five or six on each flank, separated by very narrow and angular 
interspaces; very fine and weak concentric growth lines. 
Dorsal valve appears more convex than ventral valve in lateral profile; umbo 
extended and slightly incurved; umbonal slopes very short and gently inclined; dorsal 
fold indistinct in juvenile specimens, moderately developed in immature specimens 
and becoming distinct in matural specimens; usually fold broad and low, originating 
at midlength, crest flat, abruptly curved ventrally at anterior margin to join recurved 
sulcal tongue, forming large and flat anterior surface; external costation similar to that 
of ventral valve, numbering six on fold and six or seven on each flank. 
Interior of ventral valve with indistinct dental plates; interior of dorsal valve 
with long median septum that extends to shell midlength. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Rni. 01 
NIGP Rni. 02 
NIGP Rni. 03 
NIGP Rni. 04 
NIGP Rni. 05 
NIGP Rni. 06 
NIGP Rni. 07 
NIGP Rni. 08 
NIGP Rni. 09 
NIGP Rni. 10 
NIGP Rni. 11 
6.11 
8.14 
7.63 
7.96 
9.05 
9.37 
8.73 
6.87 
8.93 
5.50 
6.92 
10.57 
12.03 
10.89 
10.53 
12.26 
11.73 
11.68 
8.64 
10.82 
7.41 
7.06 
 
Discussion.— The Mongolian material appears to be identical to Rhynchopora 
nikitini Tschernyschew, 1885 from the Sakmarian fauna of the Russian Platform and 
the Urals, that was revised by Nikolskaya (1979, p. 46, pl. 2, figs 2-4). The Mongolian 
specimens studied herein are also in agreement with the specimens described as 
Rhynchopora nikitini in above synonymy lists. 
Rhynchopora magna Cooper (1957, p. 55, pl. 9B, figs 11-14; pl. 10D, figs 18-
31), from the Coyote Butte Formation of central Oregon is very similar in overall 
appearance to the present species, but it is distinguished by its larger size, deeper 
sulcus and higher fold. R. culta Waterhouse (1982, p. 345, pl. 2, figs 6-11) from the 
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early Permian fauna of the pebbly mudstone in south Thailand is also close in having 
a shallow sulcus and low fold, but it differs in having a larger shell size, subtriangular 
shape and one or two fewer pairs of costae. R. tchernyshae Koczyrkevicz (1979, p. 47, 
pl. 11, figs 1-4) from the lower Barabash Formation in the Barabash section of South 
Primorye is close to R. nikitini in having a small size and pentagonal outline, but the 
former differs from the latter by its deeper sulcus and higher fold. R. inconstantis Lee 
and Gu (1976, p. 274, pl. 184, figs 1-7; Tazawa, Shen and Shi, 2001, p. 41, figs 3K-O) 
differs from the present species in having a larger shell size, coarser costae and higher 
fold. R. variabilis (Stuckenberg, 1898, p. 228, pl. 3, figs 13-14; Tschernyschew, 1902, 
p. 488, pl. 21, figs 16-17; Biernat and Birkenmajer, 1981, pl. 7, figs 1-11; pl. 8, figs 1-
7) is distinguished by its subelliptical shell with stronger and fewer costae on both the 
dorsal and ventral valves. R. inconstantis Licharev and Einor (1939, pl. 13, figs 7-10) 
from the Lower Permian of Novaya Zemlya, Russia differs from the current species in 
having a rounded outline and fewer costae over the sulcus and flanks. R. bicostata 
Cooper (1953, p. 49, pl. 15B, figs 22-26) from the Permian fauna of western Sonora, 
Mexico is similar to R. nikitini in shell size and general appearance, but differs from R. 
nikitini in having a narrower and less pronounced fold with only three costae on it and 
two broad costae on the ventral sulcus. 
 
Occurrence.— HV-5, 9, 13, 14, 15; Hovsugol section, Kungurian. 
 
Order ATHYRIDIDA Boucot, Johnson and Staton, 1964 
Suborder ATHYRIDIDINA Boucot, Johnson and Staton, 1964 
Superfamily ATHYRIDOIDEA Davidson, 1881 
Family ATHYRIDIDAE Davidson, 1881 
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Subfamily CLEIOTHYRIDININAE Alvarez, Rong and Boucot, 1998 
Genus Cleiothyridina Buckman, 1906 
 
Type species.— Atrypa pectinifera Sowerby, 1840, p. 14, pl. 616 from the Magnesian 
Limestone (Late Permian), England. 
 
Cleiothyridina Buckman, 1906, p. 324. 
Cleiothyridina Dunbar, 1955, p. 123. 
Cleiothyridina Gobbett, 1964, p. 161. 
Cleiothyridina Brunton, 1972, p. 142. 
Cleiothyridina Grant, 1976, p. 196. 
Cleiothyridina Cooper and Grant, 1976a, p. 2133. 
Cleiothyridina Waterhouse, 1978, p. 37. 
Cleiothyridina Waterhouse, 1980, p. 53. 
Cleiothyridina Abramov and Grigorjeva, 1983, p. 114. 
Cleiothyridina Archbold, 1988, p. 29. 
Cleiothyridina Alvarez and Rong, 2002, p. 1510. 
 
Discussion.— Externally, the shell size of the genus Cleiothyridina varies 
from a few mm to more than 80 mm, for example, the smallest specimen of C. seriata 
Grant (1976, p. 199, pl. 53, figs 1-30; pl. 54, figs 1-62; text-figure 18) from the 
Baigendzhinian or Kungurian fauna of the Rat Buri Limestone in south Thailand is 
only 3 mm in length, while the biggest specimen of C. gigantean Jin (1983, p. 237, pl. 
1, fig. 13; pl. 3, fig. 6) from the Visean (Carboniferous) fauna of Guizhou Province in 
South China is 100 mm in length. Also the outline of Cleiothyridina varies from 
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subcircular, elliptical and ovate to somewhat pentagonal (Prendergast, 1935; Dunbar, 
1955; Cooper and Grant, 1976a; Archbold and Shi, 1993). The most common external 
feature of Cleiothyridina is that it has closely spaced concentric surface lamellose and 
the lamellae are bordered by numerous fine and small spines. 
In terms of both the stratigraphical and geographical distribution of 
Cleiothyridina, it has been reported from the Upper Devonian (Famennian) to the 
Upper Permian (Kazanian) of many areas (Alvarez and Rong, 2002). 
Brunton (1972, p. 142) explained the long evolution of Cleiothyridina and 
elucidated the type species as Atrypa pectinifera Sowerby (1840) instead of Athyris 
royssii Davidson (1861), which is poorly known. Cleiothyridina differs from 
Composita Brown (1845) in having concentric, spinose lamellae externally and a 
perforated hinge plate internally. 
 
Cleiothyridina bajkurica (Tschernjak, 1963) 
Plate 37, Figures 19-23; Plate 38, Figures 1-20; Plate 39, Figures 1-14 
1963  Composita bajkurica Tschernjak, p. 121, pl. 46, figs 1-2. 
1977  Cleiothyridina bajkurica (Tschernjak); Grunt, p. 79, pl. 13, figs 1-6; text figs 
24-28. 
1991  Cleiothyridina bajkurica (Tschernjak); Pavlova et al., p. 139, pl. 32, figs 7-8. 
2003  Cleiothyridina bajkurica (Tschernjak); Afanasjeva, p. 170. 
 
Materials.— One hundred and five specimens. Registered specimens: three 
conjoined shells (NIGP Cba. 01-03); ten internal moulds of ventral valves (NIGP Cba. 
04-13); one external mould of a ventral valve (NIGP Cba. 14) and eleven internal 
moulds of dorsal valves (NIGP Cba. 15-25). 
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Description.— Shell medium in size for genus, average length about 16 mm 
and width about 21 mm, transversely subcircular to slightly oval in outline; wider than 
long, the greatest width near midvalve or slightly posterior to midvalve; sides and 
anterior margin rounded; weakly to moderately biconvex shell with nearly equal 
convexity on both the ventral and dorsal valves in lateral view; beak and foramen 
small; anterior commissure rectimarginate; surface lamellose with numerous fine and 
small spines. 
Ventral valve moderately convex in lateral profile, the greatest convexity 
around umbonal region; umbo relatively small, with short and blunt beak; umbonal 
region strongly inflated with gentle and slightly concave umbonal slopes; lateral 
slopes very long and gently sloping; median sulcus rather shallow to absent, only 
weakly observed at anterior part of the ventral valve in some mature specimens; 
concentric growth lamellae pronounced on surface, numbering seven in 5 mm at 6 
mm from ventral umbo, and eight or more in 5 mm near anterior margin; small, radial 
spines developed along each lamella, about 18 small spines in 5 mm at midvalve 
(transversely along one lamella); for most of the internal moulds of ventral valves, the 
shell surfaces are too abraded to preserve radial spines, but traces of radial lines on the 
lamellae are clear on many of these internal mould specimens. 
Dorsal valve gently to moderately convex in lateral profile, broadly and 
moderately domed in anterior profile; beak obtusely pointed and somewhat projecting 
into ventral valve; umbo small and inflated; umbonal region moderately high with 
short umbonal slopes; dorsal fold weak to absent; surface with concentric growth 
lamellae and small spines similar to those of ventral valve. 
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Ventral valve interior with well defined dental plates; teeth small; muscle field 
relatively large; dorsal valve interior with prominent median ridge. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Cba. 01 
NIGP Cba. 02 
NIGP Cba. 03 
NIGP Cba. 04 
NIGP Cba. 05 
NIGP Cba. 06 
NIGP Cba. 07 
NIGP Cba. 08 
NIGP Cba. 09 
NIGP Cba. 10 
NIGP Cba. 11 
NIGP Cba. 12 
NIGP Cba. 13 
NIGP Cba. 14 
NIGP Cba. 15 
NIGP Cba. 16 
NIGP Cba. 17 
NIGP Cba. 18 
20.86 
16.58 
16.36 
16.03 
16.37 
20.23 
12.99 
15.91 
14.79 
17.49 
14.71 
11.43 
15.78 
16.42 
13.61 
12.39 
16.67 
13.80 
24.08 
22.47 
19.81 
20.60 
22.91 
24.96 
15.04 
19.32 
18.90 
24.09 
18.36 
14.29 
21.45 
20.78 
20.64 
17.79 
21.41 
20.45 
11.13 
6.84 
12.41 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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NIGP Cba. 19 
NIGP Cba. 20 
NIGP Cba. 21 
NIGP Cba. 22 
NIGP Cba. 23 
NIGP Cba. 24 
NIGP Cba. 25 
18.55 
15.87 
14.05 
21.25 
17.80 
14.83 
13.10 
20.77 
22.63 
19.09 
28.68 
21.99 
20.29 
17.76 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— The current species was first named by Tschernjak in 1963 
from the Upper Paleozoic of Taimir. Tschernjak proposed this species under the 
genus Composita Brown (1845), however, Grunt (1977, p. 79) revised it to the genus 
Cleiothyridina Buckman (1906) based on complete specimens with good external 
spines and the dorsal valve internal structures (Grunt, 1977, p. 81, in Russian). Later, 
Pavlova et al. (1991) described the species of C. bajkurica from the Hovsugol area of 
southeastern Mongolia, where the present materials were also collected from. Our 
specimens are identical or closely comparable with those described by Pavlova et al. 
in 1991, but are smaller than the specimens described by Tschernjak (1963). 
Cleiothyridina ovalis Shi (Shi in Archbold and Shi, 1993, p. 193, figs 4A-P) 
from the Jimba Jimba Calcarenite of the Wooramel Group (Early Artinskian, Early 
Permian) in the Carnarvon Basin, western Australia is similar in general appearance 
to C. bajkurica, but is distinguished by its larger shell size on average, prominent 
ventral sulcus and dorsal fold and its distinct uniplicate anterior commissure. C. 
semiconcava Waagen (1884, p. 481, pl. 41, figs 4-6) from the Late Artinskian to 
Kungurian Amb Formation of the Salt Range, Pakistan is close to the present species 
in having a transversely subcircular outline, but it differs in having a much more 
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convex dorsal valve and more strongly folded anterior commissure. C. 
pseudobajkurica Abramov and Grigorjeva (1983, p. 116, pl. 17, figs 5-9, text-figure 
40) from the Carboniferous strata of the southern Verkhoyansk Region is close to C. 
bajkurica in appearance, but it differs in having a variable shell shape and distinct 
ventral sulcus. C. seriata Grant (1976, p. 199, pl. 53, figs 1-30; pl. 54, figs 1-62; text-
figure 18) from the Baigendzhinian or Kungurian fauna of the Rat Buri Limestone in 
south Thailand is on average smaller in size, more rounded in outline and has more 
closely spaced spinose lamellae. 
 
Occurrence.— HV-4, 5, 8, 9, 13, 14; Hovsugol section, Kungurian. 
 
Cleiothyridina sp. 
Plate 39, Figures 15-17 
 
Materials.— Twenty-one specimens. Registered specimens: three internal 
moulds of ventral valves (NIGP Csp. 01-03). 
 
Description.— Shell small to medium in size for genus, transversely 
subcircular to oval in outline; wider than long, the greatest width around midvalve; 
sides and anterior margin broadly rounded; beak and foramen not well preserved; 
anterior commissure nearly rectimarginate; surface weakly lamellose with numerous 
fine and small spines. 
Ventral valve weakly to moderately convex in lateral profile, the greatest 
convexity slightly anterior to umbonal region; umbo small and moderately extended; 
umbonal region gently to moderately swollen with short, gentle and slightly concave 
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umbonal slopes; lateral slopes long and gently sloping; median sulcus very weak to 
absent; surface with concentric growth lamellae, most internal moulds of valves 
reflecting traces of concentric growth lamellae; small and radial spines developed 
along each lamella. 
Dorsal valve gently convex in lateral profile; umbo small and inflated; 
umbonal region moderately inflated with short umbonal slopes; dorsal fold absent; 
surface with concentric growth lamellae and small spines similar to those of ventral 
valve. 
Ventral valve interior with relatively large muscle field, and well 
differentiated adductor and diductor scars; dorsal valve interior unknown. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Csp. 01 
NIGP Csp. 02 
NIGP Csp. 03 
10.82 
11.77 
12.65 
11.51 
18.28 
14.55 
 
Discussion.— The specimens described here are mostly internal moulds of 
ventral valves, many of them are incomplete, but the general features and surface 
ornaments clearly indicate that they belong to the genus Cleiothyridina. Concentric 
growth lamellae on the surface of the shell are closely packed, thus it is too difficult to 
be counted. For most of the internal moulds of ventral valves, the shell surfaces are 
too abraded to preserve radial spines. Compared to Cleiothyridina bajkurica described 
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above, the current species is much smaller in general shell size and both ventral and 
dorsal valves have a lower convexity. 
 
Occurrence.— HV-5, 9, 13, 14, 15; Hovsugol section, Kungurian. 
 
Order SPIRIFERIDA Waagen, 1883 
Suborder SPIRIFERIDINA Waagen, 1883 
Superfamily MARTINIOIDEA Waagen, 1883 
Family MARTINIIDAE Waagen, 1883 
Subfamily MARTINIINAE Waagen, 1883 
Genus Jilinmartinia Lee and Gu, 1980b 
 
Type species.— Brachythyris shansiensis Chao, 1929, p. 55, pl. 9, figs 1-3 from the 
Miaokou Limestone of the Taiyuan series (about Asselian of Lower Permian age) in 
the Yuehmenkou section, west of Taiyuan, Shansi, north China. 
 
Jilinmartinia Lee and Gu, 1980b, p. 488. 
Jilinmartinia Lee and Duan, 1985, p. 257. 
Jilinmartinia Chen, 2004, p. 43. 
Kalitvella Poletaev in Lazarev and Poletaev, 1982, p. 92. 
Kalitvella Poletaev, 1986, p. 122. 
Kalitvella Kalashnikov, 1998, p. 71. 
 
Diagnosis.— Medium to large martinids with subcircular outline; hingeline 
equal or slightly shorter than shell width with rounded cardinal extremities; biconvex 
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shell, ventral valve more convex than dorsal valve; ventral beak pointed and curved, 
overhanging the hingeline; ventral interarea broad and vertically grooved; dorsal 
valve gently to moderately convex; sulcus and fold variously developed; surfaces with 
concentric growth lines. Ventral valve interior with distinct delthyrial ridges; ventral 
muscle scars and vascular impressions distinct. 
 
Discussion.— Kalitvella Poletaev in Lazarev and Poletaev (1982, p. 92) is 
considered to be a junior synonym of Jilinmartinia by Carter and Gourvennec (2006, 
p. 1750). The type species of Jilinmartinia, Brachythyris shansiensis Chao (1929, p. 
55, pl. 9, figs 1-3), from the Lower Permian (Asselian?) Taiyuan Formation of north 
China, had its generic assignment disputed for quite a long time (Yang, 1948; Wang 
et al., 1964). Consequently, Lee and Gu proposed the genus Jilinmartinia based on 
this unique species from north China to include the specimens collected from Jilin in 
northeast China. As pointed out by Lee and Gu (1980b), the current genus is very 
similar to Martinia in outline and overall appearance, but Jilinmartinia differs from 
Martinia by its conspicuous delthyrial ridges and prominent concentric growth lines. 
 
Jilinmartinia hovsugolensis new species 
Plate 39, Figures 18-21; Plate 40, Figures 1-6 
 
Holotype.— A conjoined shell (NIGP Jho. 01) from bed 7 of Hovsugol section 
(Plate 39, figs 18-21; Plate 40, fig. 1).  
 
Other material examined.—A incomplete conjoined shell. Registered 
specimen: an incomplete conjoined shell (NIGP Jho. 02).  
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Diagnosis.—Large size for genus, elongately subcircular outline, moderately 
biconvex in lateral profile; sulcus weakly developed, mostly recognizable close to 
anterior margin, dorsal fold weakly to moderately developed; surface with 
conspicuous concentric growth lines.  
 
Description.— Shell large in size, length 41-51 mm and width 41-46 mm, 
elongately subcircular to oval in outline; slightly longer than wide, the greatest width 
close to midvalve or slightly posterior to midlength; moderately biconvex shell with 
ventral valve more convex than dorsal valve in lateral view; sides and anterior margin 
rounded; anterior commissure weakly uniplicate; cardinal extremities well rounded; 
surface with distinct concentric growth lines. 
Ventral valve moderately convex in lateral profile, most convex at the umbo; 
umbo relatively narrow and evenly convex, with short and strongly incurved beak, 
overhanging hingeline; interarea about half width of hingeline, moderately high, 
delthyrium not well preserved; umbonal region strongly inflated with steep and 
slightly concave umbonal slopes; lateral slopes long and moderately sloping; median 
sulcus rather weak, observed at anterior part of the ventral valve, broad and shallow, 
ill-defined from flanks, forming short and broad anterior tongue with broadly rounded 
floor; external surface mostly smooth except for the closely distributed concentric 
growth lines. 
Dorsal valve gently to moderately convex in lateral profile, broadly domed in 
anterior profile; beak short and pointed; umbo small and moderately convex; umbonal 
region weakly to moderately high with short and gentle umbonal slopes; dorsal fold 
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weak to moderately developed, generally forming low fold medially; surface with 
concentric growth lines similar to those of ventral valve. 
Ventral valve interior without dental plates; ventral muscle scars and vascular 
impressions partly observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW 
NIGP Jho. 01 
NIGP Jho. 02 
50.22 
41.92 
45.11 
41.85 
25.92 
- 
31.28 
29.22 
 
Etymology.— Hovsugol, name of a small town in southeastern Mongolia, -
ensis, Latin, means geographical location, altogether refers to the species collected 
from Hovsugol Section of southeastern Mongolia. 
 
Discussion.— Jilinmartinia yanjiensis Lee and Gu (1980b, p. 488, pl. 1, fig. 
17) from the Lower Permian in Jilin in northeast China is close to the new species in 
shell size, outline and surface ornamentation, but Lee and Gu‘s species differs from 
new species by its higher interarea and more prominent anterior tongue. The current 
new species is differentiated from the type species J. shansiensis (Chao, 1929, p. 55, 
pl. 9, figs 1-3) by its more circular outline, shorter hingeline and less distinct median 
sulcus. J. tianshanensis Chen (2004, p. 43, pl. 8, figs 1-6, 9-10) from the Lower 
Permian of the Tarim Basin, northwest China differs from the current new species by 
its more developed ventral sulcus and stronger uniplicate anterior commissure. 
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Jilinmartinia laevis described by Poletaev (1986, p. 123, pl. 32, figs 11-12) 
from the Upper Carboniferous and Lower Permian of Samarskaya Luka, Russia has a 
more transversely shaped outline and more prominent ventral sulcus compared to new 
species. 
 
Occurrence.— HV-7; Hovsugol section, Kungurian. 
 
Jilinmartinia medius new species 
Plate 40, Figures 7-19 
 
Holotype.— A conjoined shell (NIGP Jme. 01) from bed 15 of Hovsugol 
section (Plate 40, figs 7-11). 
 
Other material examined.—One conjoined shell and an internal mould of a 
ventral valve. Registered specimens: a conjoined shell (NIGP jme. 02) and an internal 
mould of a ventral valve (NIGP jme. 03).  
 
Diagnosis.—Medium size for genus, subcircular to broadly triangular outline, 
moderately to strongly biconvex in lateral profile; sulcus and fold indistinct, mostly 
perceptible near anterior margin; surface with conspicuous concentric growth lines; 
ventral interior with distinct vascular impressions. 
 
Description.— Shell medium in size for genus, length 30-34 mm and width 
28-35 mm, subcircular to broadly triangular in outline; width nearly equal to length or 
sometimes slightly wider than long, the greatest width slightly posterior to shell 
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midlength; moderately to strongly biconvex shell with ventral valve more convex than 
dorsal valve in lateral view; sides and anterior margin well rounded; anterior 
commissure slightly uniplicate; cardinal extremities rounded; surface with distinct 
concentric growth lines. 
Ventral valve moderately to strongly convex in lateral profile, the maximum 
convexity around the umbo; umbo small and strongly inflated with strongly incurved 
beak, slightly overhanging hingeline; interarea moderately high; umbonal region 
strongly inflated with short, steep and slightly concave umbonal slopes; lateral slopes 
long and moderately sloping; median sulcus very weak, only perceptible close to 
anterior margin of the ventral valve, broad and shallow, forming weak and broad 
anterior tongue with broadly rounded floor; external surface smooth except for fine, 
concentric growth lines. 
Dorsal valve moderately convex in lateral profile; beak short; umbo small and 
moderately convex; umbonal region slightly high with short and gentle umbonal 
slopes; dorsal fold weakly developed, generally forming very low fold medially; 
surface with concentric growth lines similar to those of ventral valve. 
Internal mould of ventral valve with muscle scars and vascular impressions 
clearly distributed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW 
NIGP Jme. 01 
NIGP Jme. 02 
30.09 
31.07 
28.39 
34.21 
15.56 
16.34 
19.95 
21.91 
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NIGP Jme. 03 33.36 30.89 - - 
 
Etymology.— Medius, Latin, means medium, here refers to its medium shell 
size. 
 
Discussion.— The main features of the present new species are its medium 
shell size, subcircular outline and non-prominent sulcus and fold developed on the 
ventral and dorsal valves respectively. The species described as Kalitvella sp. by 
Pavlova et al. (1991, p. 134, pl. 31, figs 9-11) from the Hovsugol area of southeastern 
Mongolia is very close to the present new species in general outline, shell convexity 
and the distinct vascular impressions of the internal mould specimens. However, 
Pavlova‘s specimens (length approximately 45 mm, width approximately 50 mm) are 
larger than specimens of the current new species, and they might be another new 
species. Jilinmartinia medius differs from J. hovsugolensis described above by its 
smaller shell size, weaker sulcus and fold and less prominent anterior tongue. 
 
Occurrence.— HV-5, 14, 15; Hovsugol section, Kungurian. 
 
Genus Tiramnia Grunt, 1977 
 
Type species.— Martinia uralica Tschernyschew, 1902, p. 183, 566, pl. 18, figs 1-4 
from the Lower Permian (Asselian) of Urals in Russia. 
 
Tiramnia Grunt, 1977, p. 64. 
Tiramnia Abramov and Grigorjewa, 1983, p. 142. 
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Tiramnia Abramov and Grigorjewa, 1988, p. 175. 
Tiramnia Shi and Waterhouse, 1996, p. 147. 
Tiramnia Kalashnikov, 1998, p. 71. 
Tiramnia Angiolini, 2001, p. 328. 
Tiramnia Afanasjeva et al., 2003, p. 160. 
 
Diagnosis.— Generally medium sized shell; ventral valve umbonal region 
strongly thickened; internally, muscle field rhombic shape, well defined and deeply 
depressed, bisected by a strong median groove, and the groove approximately 
extending to two thirds of shell length from beak; lateral pallial markings about 3 to 4 
on each side of median groove, weakly arc-shaped and occasionally branched. 
 
Discussion.— This genus has been proposed by Grunt (1977, p. 64) to 
accommodate a group of brachiopods, which externally look like species of Martinia, 
but differ in having a ventral muscle field bisected by a long and prominent median 
groove with relatively simple and incurved lateral pallial markings. The species 
included in Tiramnia are T. uralica (Tschernyschew, 1902) from the Asselian, Lower 
Permian, of the Urals in Russia and the Sakmarian to Artinskian, Lower Permian, of 
the southeastern Pamirs; T. tschakobaica (Grunt in Grunt and Dmitriev, 1973) and T. 
tschernyshewi (Grunt in Grunt and Dmitriev, 1973) from the Darvasian stage (approx. 
Kungurian, Lower Permian) of the southeastern Pamirs; T. tschaikensis (Grunt, 1977) 
from the Late Carboniferous of Siberia and the Arctic; T. semiglobosa 
(Tschernyschew, 1902) from the Late Carboniferous to Lower Permian of the Urals 
and Timan; T. greenlandica (Dunbar, 1955) from the Lower Permian of central east 
Greenland; T. padvae (Besnossova, 1968) from the Late Carboniferous of east 
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Kazakhstan; T. yakutica and T. longa (Solomina, 1978) from the Carboniferous of 
north Verkhoyan; T. canadica (Shi and Waterhouse, 1996) from the Lower Permian 
of the northern Yukon Territory (Canada); T. walteri and T. grunti (Carter and 
Poletaev, 1998) from the Late Bashkirian or Early Moscovian (Carboniferous) of 
Ellesmere Island, Canadian Arctic Archipelago. 
 
Tiramnia greenlandica (Dunbar, 1955) 
Plate 40, Figures 20-21; Plate 41, Figures 1-26; Plate 42, Figures 1-7 
1955  Martinia greenlandica Dunbar, p. 152, pl. 30, figs 1-8. 
1977  Tiramnia greenlandica (Dunbar); Grunt, p. 64, pl. 11, figs 4-6; text figs 12. 
1991  Tiramnia greenlandica (Dunbar); Pavlova et al., p. 136, pl. 30, figs 13-14, 16. 
2003  Tiramnia greenlandica (Dunbar); Afanasjeva et al., p. 160, pl. 62, figs 5-7. 
 
Materials.— Nine specimens. Registered specimens: seven conjoined shells 
(NIGP Tgr. 01-07). 
 
Description.— Medium to large shell size for genus, average length about 25 
mm and width about 24 mm, length and width approximately equal or slightly longer 
than wide; subcircular or subrounded in outline with the widest part at shell midlength; 
sides and anterior margin rounded; moderately to strongly biconvex shell with ventral 
valve more convex than dorsal valve in lateral view; cardinal extremities broadly 
rounded; anterior commissure uniplicate; surface with fine concentric growth lines. 
Ventral valve strongly convex in lateral profile and highly domed in anterior 
profile; the greatest convexity over midlength or slightly posterior to it; umbo 
prominent with beak strongly incurved over apex of ventral delthyrium; umbonal 
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region strongly inflated with umbonal angle around 90°; umbonal slopes gently and 
evenly concave, moderately sloping; lateral slopes long and gradually sloping; hinge 
line about two thirds of shell width; median sulcus absent in posterior shell and 
obscurely placed close to anterior margin, extending toward anterior commissure as a 
linguliform extension; surface mostly smooth, except for fine concentric growth lines, 
best observed on posterolateral slopes of shell surface, other microscopic growth lines 
also observed. 
Dorsal valve gently to moderately convex in lateral profile, somewhat arched 
in transverse direction; umbo low and blunt; beak short and obtusely pointed; umbo 
small, and umbonal region moderately high; dorsal fold weak, obscurely observed 
over the middle of the valve, reaching maximum height at front margin, but still low; 
surface smooth, fine concentric growth lines similar to those of ventral valve. 
Internally, ventral median groove bisecting muscle field; a few lateral pallial 
markings weakly distributed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW 
NIGP Tgr. 01 
NIGP Tgr. 02 
NIGP Tgr. 03 
NIGP Tgr. 04 
NIGP Tgr. 05 
NIGP Tgr. 06 
22.46 
19.07 
19.35 
25.96 
22.40 
32.23 
22.45 
23.95 
18.66 
22.81 
22.34 
31.78 
12.68 
14.75 
13.39 
14.39 
13.74 
23.04 
14.38 
18.94 
12.56 
15.97 
13.27 
24.26 
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NIGP Tgr. 07 29.71 28.24 19.20 16.60 
 
Discussion.— Tiramnia greenlandica was first named by Dunbar (1955, p. 
152) from the Lower Permian of central east Greenland for a large number of 
specimens collected. Our specimens, collected from southeastern Mongolia, appear 
the same when compared to the description and illustrations of Dunbar‘s specimens. 
Tiramnia uralica (Tschernyschew, 1902, p. 183, 566, pl. 18, figs 1-4) from the 
Lower Permian (Asselian to Sakmarian Stage) of the Urals in Russia resembles the 
current species in general appearance, but it differs in its much larger shell size, more 
elongate outline and finer external concentric growth lines. T. tschaikensis (Grunt, 
1977, p. 67, pl. 11, fig. 7) from the Late Carboniferous of Siberia and the Arctic 
differs from T. greenlandica by its very elongate shell outline and prominent ventral 
sulcus. T. semiglobosa (Tschernyschew, 1902, p. 564, pl. 17, figs 6-10, 12-13) from 
the Lower Permian of the Urals and Timan is also similar to T. greenlandica in its 
shell size and general outline, but the former is recognized by its slightly more convex 
dorsal valve and higher umbo. T. yakutica (Solomina, 1978, p. 121, pl. 11, figs 12-15) 
from the Upper Carboniferous of the north Verkhoyan Mountains is close to the 
present species in its weak to indistinct ventral sulcus, but it differs in having a more 
triangular outline and lower convexity of the ventral valve. T. canadica (Shi and 
Waterhouse, 1996, p. 149, pl. 29, figs 5-19) from the Lower Permian of the northern 
Yukon Territory (Canada) differs from T. greenlandica by its anterior commissure, 
the Canadian species is said to have a rectimarginate to somewhat dorsally deflected 
anterior commissure, while T. greenlandica has a distinct uniplicate anterior 
commissure. 
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Occurrence.— HV-15; Hovsugol section, Kungurian. 
 
Family INGELARELLIDAE Campbell, 1959 
Subfamily INGELARELLINAE Campbell, 1959 
Genus Ingelarella Campbell, 1959 
 
Type species.— Ingelarella angulata Campbell, 1959, p. 345, pl. 56, figs 4a-4c; pl. 57, 
figs 1-5 from the Permian (Lower to Middle Permian) of the Ingelara Shale, 
Queensland, Australia. 
 
Ingelarella Campbell, 1959, p. 340. 
Ingelarella Waterhouse, 1964, p. 151. 
Ingelarella Waterhouse and Vella, 1965, p. 67. 
Ingelarella Armstrong, 1970, p. 294. 
Ingelarella Armstrong, 1971, p. 204. 
Ingelarella McClung, 1978, p. 40. 
Ingelarella Waterhouse, 1998, p. 10. 
Ingelarella Afanasjeva et al., 2003, p. 161. 
Ingelarella Carter and Gourvennec, 2006, p. 1758. 
 
Diagnosis.— Shell size variable from small to very large; biconvex shell, 
usually transverse, with maximum width along hinge line or anterior to hinge line; 
fold and sulcus generally present, but variably developed; sulcus with or without 
median groove, sometimes with two weakly developed subplicae; lateral slopes 
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smooth or with several low and broad plicae; anterior commissure usually uniplicate 
and modified by lateral plicae; ventral valve usually with high umbo; surface with 
microornament of subquincuncially arranged grooves; internally, adminicula of both 
valves well developed; no dorsal median septum; spires directed postero-laterally. 
 
Discussion.— Ingelarella was named by Campbell in 1959 based on the type 
species Ingelarella angulata from Permian collections from the Ingelara Shale, 
Queensland, Australia. Soon after Campbell proposed the genus, he established many 
species, from his collection, that belong to the genus Ingelarella (Campbell, 1959; 
1960; 1961). Moreover, Waterhouse also named quite a few species, which he 
assigned to the genus, when he was studying the Permian brachiopods from New 
Zealand (Waterhouse, 1964; 1965; Waterhouse and Vella, 1965). Up to present study, 
there have been more than forty species reported, primarily from eastern Australia and 
New Zealand (McClung, 1978; Carter and Gourvennec, 2006). 
According to Campbell (1959, p. 341), one of the closest genera to Ingelarella 
is Martiniopsis Waagen (1883), but Martiniopsis differs from Ingelarella by its lack 
of a median sulcus and fold, smaller shell size and smooth lateral slopes. However, 
later Waterhouse (1964, p. 152) pointed out that the shell size is not a consistent 
difference and also that the plication is not a reliable feature. Thus Ingelarella is more 
reliably distinguished from Martiniopsis by its deep ventral sulcus and high dorsal 
fold. Another feature mentioned by both Campbell and Waterhouse is that 
Martiniopsis is generally restricted to the warmer water, while Ingelarella 
characterizes the colder Gondwana realm. Moreover, Armstrong (1970; 1971) 
provided detailed information about the micro-ornament and pallial markings of 
Ingelarella. The differences between Ingelarella and other allied genera, such as 
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Ambikella Sahni and Srivastava, 1956, and Tomiopsis Benediktova, 1956, are 
highlighted by McClung (1978, pp. 40-41.). 
 
Ingelarella atlanicha (Kotljar, 1978) 
Plate 42, Figures 8-18; Plate 43, Figures 1-19; Plate 44, Figures 1-19; Plate 45, 
Figures 1-11 
1978  Tomiopsis atlanichus Kotljar, p. 74, pl. 11, figs 7-9. 
1991  Ingelarella atlanicha (Kotljar); Pavlova et al., p. 137, pl. 30, figs 11-12. 
 
Materials.— Eighteen specimens. Registered specimens: twelve conjoined 
shells (NIGP Iat. 01-12) and one dorsal valve (NIGP Iat. 13). 
 
Description.— Medium to large shell size for genus, average length about 28 
mm and width about 36 mm, wider than long; average thickness about 21 mm; 
transversely semicircular to subcircular in outline, the widest part anterior to hinge 
line; biconvex shell with ventral valve more convex than dorsal valve in both lateral 
and anterior views; average hinge line about 32 mm; lateral slopes with low and broad 
plicae; cardinal extremities angular, more than 90º; anterior commissure uniplicate 
and slightly modified by lateral plicae; sulcus and fold distinct; surface with low 
plicae and concentric growth lines. 
Ventral valve moderately to strongly convex in lateral profile; beak not well 
preserved; umbo inflated and prominently incurved; lateral slopes long and gradually 
sloping; interarea low to moderately high, concave, broadly triangular in shape; 
delthyrium relatively high and triangular in shape, not covered; median sulcus narrow 
and shallow over umbo, gradually widening and deepening toward anterior margin, 
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about half or less than half of shell width at anterior margin, with median trough 
broadly V-shaped in cross section; ventral surface mostly abrased, but traces of low 
and wide plicae observed with widely spaced grooves or interspaces; close to anterior 
margin with fine, closely spaced, concentric growth lines. 
Dorsal valve moderately convex in lateral profile; umbo relatively high and 
pointed; beak short; interarea very low; umbonal slopes short and gently sloping; fold 
moderately high, originating from beak, gradually widening toward anterior margin; 
dorsal fold with sulcate groove, increasing steadily in width anteriorly, with five to six 
plicae on each side; interspaces between plicae wider and rounded; weak, low, 
concentric growth lamellae or growth lines developed. 
Ventral valve interior with large teeth and large dental plates; adminicula 
slightly concave; muscle field broad, extending a little beyond the adminicula; 
secondary thickening considerable around muscle field; adductor scars long and 
narrow; diductor scars striated. 
Dorsal valve interior with large and strong dental sockets; crural plates high 
and strong and supported by dorsal adminicula, adminicula converging inwards to the 
floor; spiralia coiled postero-laterally in elliptical loops. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW 
NIGP Iat. 01 
NIGP Iat. 02 
NIGP Iat. 03 
27.01 
35.51 
29.42 
37.65 
48.23 
35.67 
25.79 
29.76 
23.40 
36.00 
44.08 
- 
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NIGP Iat. 04 
NIGP Iat. 05 
NIGP Iat. 06 
NIGP Iat. 07 
NIGP Iat. 08 
NIGP Iat. 09 
NIGP Iat. 10 
NIGP Iat. 11 
NIGP Iat. 12 
NIGP Iat. 13 
27.43 
25.16 
29.68 
24.14 
33.66 
23.18 
23.50 
24.61 
28.50 
27.82 
37.23 
31.54 
36.29 
35.05 
36.88 
34.72 
30.49 
26.01 
33.82 
37.59 
20.19 
17.99 
20.85 
18.63 
22.99 
16.10 
15.10 
17.98 
19.75 
- 
33.01 
29.31 
34.23 
31.75 
29.44 
33.58 
27.41 
21.36 
23.86 
33.01 
 
Discussion.— The current species was first named by Kotljar in 1978 as 
Tomiopsis atlanichus from the Lower Permian of southern Primoria, Russian Far East. 
Then, Pavlova et al. (1991) revised the generic name of the species to Ingelarella 
based on the collections from southeast Mongolia and made a brief description and 
comparison of it. Our collections are also from southeast Mongolia, and from 
approximately the same stratigraphical position in the Hovsugol Horizon. 
The type species of Ingelarella angulata (Campbell, 1959, p. 345, pl. 56, figs 
4a-4c; pl. 57, figs 1-5) from the Permian (Lower to Middle Permian) of the Ingelara 
Shale, Queensland, Australia differs from I. atlanicha by its fewer, coarser lateral 
plicae. I. magna (Campbell, 1960, p. 1117, pl. 140, figs 1-4), also from the Permian of 
Queensland, Australia, is distinguished by its huge shell size, shallower ventral sulcus 
and lower but much broader plicae. I. xizangensis (Zhan and Wu, 1982, p. 99, pl. 5, 
figs 5-11) from the Lower to Middle Permian of Xainza District, Xizang (Tibet), 
266  
China differs from the present species in having valves of equal convexity, faint 
plicae and a much lower ventral interarea. 
 
Occurrence.— HV-14, 15; Hovsugol section, Kungurian. 
 
Ingelarella plana Campbell, 1960 
Plate 45, Figures 12-14 
1960  Ingelarella plana Campbell, p. 1112, pl. 136, figs 1-7. 
1983c Tomiopsis plana (Campbell), Waterhouse, p. 159, pl. 2, fig. 10; pl. 3, figs 1-7. 
1991  Ingelarella cf. plana Campbell; Begg and Ballard, p. 149, fig. 8. 
 
Materials.— Three specimens. Registered specimens: two ventral valves 
(NIGP Ipl. 01-02) and one internal mould of a ventral valve (NIGP Ipl. 03). 
 
Description.— Shell relatively large in size for genus, wider than long, width 
about two-thirds of length; transverse shell, ovally pentagonal in outline; the widest 
part along hinge line or slightly anterior; ventral valve low in convexity in both lateral 
and anterior profiles; lateral slopes with very low and broad plicae; cardinal 
extremities subrounded; anterior commissure uniplicate; sulcus shallow and wide; 
surface plicae faint, concentric growth lines indistinct. 
Ventral valve weakly to gently convex in lateral profile, somewhat flattened; 
beak not well preserved; umbo gently inflated and incurved; lateral slopes long and 
gently sloping; median sulcus shallow and wide, originating from umbo, gradually 
widening toward anterior margin, but still shallow in depth with rounded floor, 
producing a slightly high flattened tongue anteriorly; ventral surface with low and 
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broad plicae, about 3 very broad and rounded low plicae on each side of median 
sulcus; interspaces between these weak plicae shallow and wide, with rounded floor. 
No dorsal valve available in present study. 
Ventral valve interior with slightly thickened umbonal cavities; dental plates 
strong with divergent adminicula; muscle field large and broad, elongately raised; 
adductor scars long and relatively narrow; diductor scars wide and striated. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Ipl. 01 
NIGP Ipl. 02 
NIGP Ipl. 03 
40.50 
32.33 
38.31 
61.47 
41.82 
60.71 
 
Discussion.— The specimens described here correspond well with the original 
description and illustrations of Ingelarella plana in Campbell, 1960 (p. 1112, pl. 136, 
figs 1-7). According to the description and figures of Waterhouse (1983c), Tomiopsis 
plana (Campbell) is considered to be Ingelarella plana in this study. 
Compared to Ingelarella atlanicha described above, I. plana has a larger shell 
size, lower convexity and shallower ventral sulcus. I. costata (Waterhouse, 1964, p. 
159, pl. 31, figs 6, 9-15; pl. 32, figs 1-3; pl. 35, figs 2-3; text-figure 75-76) from the 
Lower to Middle Permian of New Zealand bears some resemblances to the present 
species in having only a few plicae and a broad sulcus, but it differs from the latter by 
its smaller shell size, higher plicae and V-shaped median sulcus in cross section. 
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Occurrence.— HV-4, 5, 9; Hovsugol section, Kungurian. 
 
Superfamily SPIRIFEROIDEA King, 1846 
Family TRIGONOTRETIDAE Schuchert, 1893 
Genus Neospirifer Fredericks, 1924b 
 
Type species.— Spirifer fasciger Keyserling 1846, p. 231, pl. 8, figs 3-3b from the 
late Lower Permian of south Timan, Troitsko-Pechora District (right bank of the 
Soiva River, 7.5 km upward of the river from the village of Bol‘shaya Soivinskaya), 
Russia. 
 
Neospirifer Fredericks, 1924b, p. 311. 
Neospirifer Dunbar and Condra, 1932, p. 326. 
Neospirifer Wang, 1955, p. 145. 
Neospirifer Hayasaka, 1960, p. 36. 
Neospirifer Yanagida, 1963, p. 71. 
Neospirifer Ustritsky, 1963, p. 23. 
Neospirifer Wang, Jin and Fang, 1964, p. 507. 
Neospirifer Gobbett, 1964, p. 139. 
Neospirifer Waterhouse, 1966, p. 33. 
Neospirifer Cooper and Grant, 1976a, p. 2172. 
Neospirifer Lee and Gu, 1976, p. 284. 
Neospirifer Tong, 1978, p. 256. 
Neospirifer Kalashnikov, 1980, p. 76. 
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Neospirifer Ding and Qi, 1983, p. 400. 
Neospirifer Archbold and Thomas, 1984, p. 628. 
Neospirifer Lee and Duan, 1985, p. 246. 
Neospirifer Abramov and Grigorjewa, 1988, p. 164. 
Neospirifer Poletaev, 1997, p. 308. 
Neospirifer Kalashnikov, 1998, p. 46. 
Neospirifer Afanasjeva et al., 2003, p. 144. 
Neospirifer Carter, 2006, p. 1789. 
 
Discussion.— The main features of Neospirifer are its transversely elongate 
outline, moderately to strongly convex shell, distinct fascicles and well developed 
sulcus and fold. Detailed descriptions of the genus are provided by Cooper and Grant 
(1976a, p. 2172), Archbold and Thomas (1984, p. 628) and Poletaev (1997, p. 308). 
This genus differs from Lepidospirifer Cooper and Grant, 1969 by its coarser costae, 
stronger fasciculation and larger delthyrial plate internally. The genus Cartorhium 
Cooper and Grant, 1976a is also very similar to Neospirifer in its fasciculate costae 
and triangular ventral interarea, but it differs by its coarser and less numerous costae, 
rounded flanks and weakly transverse outline. 
 
Neospirifer koargychanensis Zavodowsky in Zavodowsky and Stepanov, 1971 
Plate 46, Figures 1-18 
1971  Neospirifer koargychanensis Zavodowsky in Zavodowsky and Stepanov, p. 155, 
pl. 31, fig. 3; pl. 32, figs 1-2. 
1988  Crassispirifer koargychanensis a (Zavodowsky); Abramov and Grigorjewa, p. 
168, pl. 23, figs 2-3; pl. 24, fig. 1. 
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1991  Neospirifer koargychanensis Zavodowsky; Pavlova et al., p. 129, pl. 29, figs 2-
3. 
 
Materials.— Thirty-seven specimens. Registered specimens: two conjoined 
shells (NIGP Nko. 01-02); one ventral valve (NIGP Nko. 03) and two dorsal valves 
(NIGP Nko. 04-05). 
 
Description.— Medium to large shell size for genus, the maximum shell 
length in present study about 45 mm and the maximum width about 71 mm, obviously 
wider than long; broadly transverse and regularly to irregularly semielliptical in 
outline; the widest part along the hinge line, alate, most specimens with greatly 
extended hinge; biconvex shell with dorsal valve somewhat more convex than ventral 
valve in lateral view; sides and anterior margin broadly rounded; cardinal extremities 
pointed; anterior commissure uniplicate, but plicated laterally; sulcus and fold 
prominent; surface costate, costae moderately to strongly fasciculate. 
Ventral valve moderately convex transversely and longitudinally; beak short, 
somewhat hooked and hanging over hinge line; umbo small and narrowly incurved, 
with umbonal slopes short, moderately steep and slightly concave; lateral slopes long 
and gently inclined; interarea moderately high, somewhat concave and wide, narrowly 
extending to tips of cardinal extremities; delthyrium widely wedge-shaped; 
pseudodeltidium missing; median sulcus shallow to moderately deep, broad and 
bounded by crests of coarse costae; sulcus originating at beak, narrow and shallow, 
but gradually widening and deepening toward anterior margin, with median trough U-
shaped in cross section; surface costate, costae strongly fasciculate, 4 or 5 fascicles on 
each side of sulcus forming plications, becoming lower laterally, each with high 
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primary costa forming crest of plication, height slightly increasing anteriorly, costae 
numbering 3-5 per fasicicle; interspaces between fasicicles narrow and moderately 
deep; fine, weak, concentric growth lines. 
Dorsal valve more strongly convex in lateral profile, especially crest of 
fastigium; the greatest convexity along the dorsal fold; umbo small and inflated, 
moderately high; dorsal beak short, small and blunt; interarea short and concave; 
umbonal slopes short and slightly concave; fold high and strong, beginning from beak, 
narrow and low, but quickly getting higher and wider toward anterior commissure 
with narrow crest; surface costae and fasicicles similar to those on ventral valve, but 
fasicicles slightly lower with wider interspaces. 
Ventral valve interior with strong hinge teeth supported by dental plates; 
apical cones strongly thickened; muscle area elongately oval, somewhat elevated; 
adductor scars median and elongate, longitudinally striated; diductor scars lateral, 
surrounding adductor scars; dorsal valve interior with strong hinge sockets; muscle 
area not observed; spiralia partly in cross section, full form not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W HW 
NIGP Nko. 01 
NIGP Nko. 02 
NIGP Nko. 03 
NIGP Nko. 04 
NIGP Nko. 05 
36.52 
45.65 
23.40 
26.90 
33.43 
71.43 
- 
34.47 
46.34 
- 
71.43 
- 
34.47 
46.34 
- 
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Discussion.— Neospirifer koargychanensis was named by Zavodowsky in 
Zavodowsky and Stepanov 1971, and collected from the Early Permian fauna of the 
Omolon River Basin in northeastern USSR. Abramov and Grigorjewa (1988, p. 168) 
considered the current species to belong to the genus Crassispirifer, but as pointed out 
by Archbold and Thomas (1985), the costae of Crassispirifer are coarser than those of 
Neospirifer. Thus, Abramov and Grigorjewa‘s species from the Permian of the 
Verkhoyan area are still treated as Neospirifer rather than Crassispirifer.  
One of the close species mentioned by Zavodowsky in Zavodowsky and 
Stepanov 1971 is Neospirifer kedonensis Einor in Kaschirzev (1959, p. 56, pl. 23, figs 
1-4; Zavodowsky and Stepanov, 1971, pl. 74, figs 1-2) from the Kazanian Omolon 
horizon of northeastern Siberia, but N. koargychanensis differs in having a deeper and 
narrower median sulcus, thinner costae and a higher dorsal umbonal area. N. 
sulcoprofundus Liu and Waterhouse (1985, p. 35, pl. 9, figs 5, 8, 11; pl. 10, figs 2-3, 6, 
8; pl. 11, figs 2-3, 5-6, 9; pl. 12, figs 1, 3) from the Early to Middle Permian of 
Xiujimqinqi region, Neimongol (Inner Mongolia), north China is distinguished by its 
more triangular outline, coarser costae and weaker fasciculation. 
 
Occurrence.— HV-5, 6, 8, 13, 14, 15; Hovsugol section, Kungurian. 
 
Neospirifer sp. 
Plate 47, Figures 1-4 
1991  Neospirifer sp. Pavlova et al., pl. 29, fig. 4. 
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Materials.— One specimen. Registered specimen: one ventral valve (NIGP 
Nsp. 01). 
 
Description.— The incomplete ventral valve shell measured 43.11 mm in 
length and 49.79 mm in width; wider than long; semicircular to subcircular in outline; 
hinge line marked the widest part of the shell; cardinal extremities nearly at right 
angle; anterior commissure uniplicate and plicated laterally; sulcus developed; surface 
costate, costae moderately fasciculate. 
Ventral valve moderately convex in lateral profile; beak not preserved; 
umbonal slopes short, gently inclined and slightly concave; lateral slopes long and 
gently inclined; interarea slightly concave and wide, narrowly extending to tips of 
cardinal extremities; median sulcus originating around beak, narrow and shallow at 
first, continually widening and deepening toward anterior margin, median trough 
broadly U-shaped in cross section; surface costate but somewhat worn, traces of 
fasciculation observed, not very strong; about 4 fascicles on each side of sulcus 
forming very low plications; interspaces between fasicles wide and shallow; fine 
concentric growth lines observed near anterior margin. 
Interior of the ventral valve not observed. 
 
Discussion.— Only one ventral valve specimen from the collection can be 
assigned with certainty to Neospirifer, based on its general outline and surface 
ornamentation. Neospirifer sp. illustrated by Pavlova et al. (1991, pl. 29, fig. 4) from 
the Hovsugol area of southeasern Mongolia is the same as the present specimen in all 
aspects. These two specimens appear to belong to same species, however due to a lack 
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of more specimens to aid further specific identification, we temporarily put them 
under Neospirifer sp. 
 
Occurrence.— HV-13; Hovsugol section, Kungurian. 
 
Family SPIRIFERELLIDAE Waterhouse, 1968b 
Genus Spiriferella Tschernyschew, 1902 
 
Type species.— Spirifer saranae Verneuil, 1845, p. 169, pl. 6, figs 15a-15b from the 
Lower Permian of the Sakmarian beds in the Sarana River, south of Krasnoufimsk, 
the Urals, Russia. 
 
Spiriferella Tschernyschew, 1902, p. 121. 
Spiriferella Grabau, 1931, p. 128. 
Spiriferella Stepanov, 1937b, p. 21. 
Spiriferella Dunbar, 1955, p. 136. 
Spiriferella Wang, 1955, p. 166. 
Spiriferella Harker and Thorsteinsson, 1960, p. 70. 
Spiriferella Gobbett, 1964, p. 149. 
Spiriferella Wang, Jin and Fang, 1964, p. 592. 
Spiriferella Nelson and Johnson, 1968, p. 728. 
Spiriferella Barchatova, 1970, p. 172. 
Spiriferella Lee and Gu, 1976, p. 293. 
Spiriferella Cooper and Grant, 1976a, p. 2221. 
Spiriferella Zhang and Jin, 1976, p. 210. 
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Spiriferella Waterhouse, Waddington and Archbold, 1978, p. 416. 
Spiriferella Waterhouse and Waddington, 1982, p. 11. 
Spiriferella Archbold and Thomas, 1985, p. 36. 
Spiriferella Abramov and Grigorjewa, 1988, p. 155. 
Spiriferella Kalashnikov, 1998, p. 58. 
Spiriferella Wang and Zhang, 2003, p. 157. 
Spiriferella Carter, 2006, p. 1805. 
 
Discussion.— Spiriferella is usually characterised by its transverse or elongate 
outline, greatly thickened ventral valve with secondary shell matter, varied costation 
and plications, strongly convex ventral valve, pustulose ornamentation and strong 
dental plates internally. As pointed out by Nelson and Johnson (1968), the present 
genus has wide intraspecific and interspecific variation. For example, Grabau (1931, 
pp. 128-168) described many species, varieties and mutations in his monograph of the 
Permian of Mongolia, such as many subgroup species of Spiriferella salteri and 
Spiriferella keilhaviiformis. The above features are also indicated by Stepanov (1937b, 
pp. 21-36) in his brachiopod description of the Bryozoa Limestones in the Kolwa 
River Region (northern Urals). Due to these great variations, further detailed 
descriptions and discussions regarding both the exterior and interior of the genus have 
been given by Harker and Thorsteinsson (1960, p. 70), Dunbar (1955, p. 136), 
Gobbett (1964, p. 149), Cooper and Grant (1976a, p. 2221), Zhang and Jin (1976, p. 
210), Archbold and Thomas (1985, p. 36) and Kalashnikov (1998, p.58). Moreover, 
Waterhouse et al. (1978) recognized five possible subgroups of Spiriferella, in which 
two of them, Alispiriferella for the Spiriferella ordinaria lineage and 
Plicatospiriferella for the S. gieliensis lineage, were separated into new genera by 
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Waterhouse and Waddington in 1982. Recently, Wang and Zhang (2003) revised all 
the species of Spiriferella and listed 49 species in the genus. 
Alispiriferella Waterhouse and Waddington, 1982 is distinguished from 
Spiriferella by its wide, well-defined median groove along the dorsal fold, wide hinge 
line and stronger lateral plications. Spiriferella differs from Plicatospiriferella 
Waterhouse and Waddington, 1982 by its narrow hinge line, stronger costae and 
plications. 
There has been confusion for a long time between Spiriferella and Elivina 
Fredericks (1924b), but the latter can be recognized by its smaller size, shorter hinge 
line and weaker dorsal fold. It has been found that the main distinction between 
Spiriferella and Timaniella Barchatova, 1968, based on comparison of their genotype 
species, is that the former normally has an elongate outline, a more thickened ventral 
valve and more conspicuous fasciculation. 
 
Spiriferella ovata Lee and Gu, 1976 
Plate 47, Figures 5-19; Plate 48, Figures 1-18; Plate 49, Figures 1-18; Plate 50, 
Figures 1-14 
1976  Spiriferella ovata Lee and Gu, p. 294, pl. 171, figs 7-8, 11. 
1980  Spiriferella ovata Lee and Gu; Lee, Gu and Su, p. 419, pl. 179, figs 13, 15-16. 
1991  Spiriferella ovata Lee and Gu; Pavlova et al., p. 124, pl. 30, figs 1-4; pl. 31, figs 
4-6. 
2003  Spiriferella ovata Lee and Gu; Afanasjeva et al., p. 147, pl. 58, figs 3-5. 
 
277  
Materials.— One hundred specimens. Registered specimens: one conjoined 
shell (NIGP Sov. 01); eighteen ventral valves (NIGP Sov. 02-19) and one internal 
mould of a ventral valve (NIGP Sov. 20). 
 
Description.— Shell medium to large in size for genus, average length about 
40 mm and width about 39 mm, width and length approximately the same or slightly 
longer than wide; longitudinally subovate or ovate in outline, the widest part around 
midvalve or slightly anterior; biconvex shell with ventral valve more convex than 
dorsal valve in lateral view; hinge about two-thirds of shell width; sides and anterior 
margin broadly rounded; cardinal extremities slightly auriculate; anterior commissure 
uniplicate; sulcus and fold distinct; surface strongly costate, producing fascicles and 
plications. 
Ventral valve strongly convex in lateral profile and moderately to highly 
domed in anterior profile; beak prominent, strongly incurved and protruding beyond 
hinge line, tip pointed; umbo highly inflated and strongly incurved; umbonal angle 
around 90º or slightly less, umbonal slopes moderately long and steep, slightly 
concave; lateral slopes long and moderately sloping; interarea moderately high, 
concave, narrow at beak, rapidly widening anteriorly to form broadly triangular shape; 
delthyrium high and triangular in shape; median sulcus well defined by two broadly 
high plications, originating from beak, narrow and deep at posterior part, but 
gradually widening and deepening to anterior margin, nearly half of shell width at 
anterior margin, with median trough U-shaped (or flatly V-shaped) in cross section; 
surface strongly costate, broadly rounded, beginning at beak, each one of them 
generally bifurcating and producing very weak fascicles, making distinct plications of 
shell; interspaces between plications rounded, shallow and wide; each flanks bearing 
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four to six plications, moderately high and rounded, the innermost pair conspicuously 
higher and wider than any other pairs, crest rounded; growth lines and laminae very 
weak. 
Dorsal valve moderately convex in lateral profile; the greatest convexity 
anterior to umbo; umbo relatively low and small, moderately inflated; beak short and 
blunt; interarea very low and wide; umbonal slopes short and gently inclined; dorsal 
fold high and strong, gradually widening toward anterior margin; surface 
ornamentation similar to that of ventral valve, but with lower and wider plications; the 
interspaces also much wider. 
Ventral valve interior with strong dental plates, strongly thickened posteriorly; 
adminicula largely buried in secondary thickening; muscle field elongate to spoon-
shaped, bisected by a very low median ridge; adductor scars narrow and slightly 
raised, diductor scars larger; dorsal interior with large and strong hinge sockets; 
spiralia coiled dorsoventrally in elliptical loops. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Sov. 01 
NIGP Sov. 02 
NIGP Sov. 03 
NIGP Sov. 04 
NIGP Sov. 05 
NIGP Sov. 06 
33.19 
52.06 
57.35 
32.80 
31.54 
48.20 
34.40 
48.79 
48.50 
34.86 
36.34 
45.05 
22.76 
- 
- 
- 
- 
- 
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NIGP Sov. 07 
NIGP Sov. 08 
NIGP Sov. 09 
NIGP Sov. 10 
NIGP Sov. 11 
NIGP Sov. 12 
NIGP Sov. 13 
NIGP Sov. 14 
NIGP Sov. 15 
NIGP Sov. 16 
NIGP Sov. 17 
NIGP Sov. 18 
NIGP Sov. 19 
NIGP Sov. 20 
47.14 
41.97 
42.92 
41.30 
31.58 
31.66 
29.37 
40.19 
40.75 
40.76 
39.38 
26.07 
35.81 
- 
40.59 
37.40 
39.53 
39.18 
31.24 
35.00 
37.65 
38.10 
41.52 
38.08 
36.76 
25.91 
33.72 
41.02 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— This species was proposed by Lee and Gu (1976) from the 
Zhesi Formation (about Roadian to Wordian age) of Inner Mongolia. The 
characteristics of the species is its large shell size, longitudinally ovate outline and 
bifurcating costae appearing as low fascicles. The Mongolian specimens, studied 
herein, are slightly smaller than the type specimens illustrated by Lee and Gu (1976), 
however, all the features fully agree with the descriptions and illustrations presented 
by Lee and Gu (1976). They also agree with the specimens illustrated by Pavlova et al. 
(1991) and Afanasjeva et al. (2003), in both instances the specimens were collected 
from around the same area of Hovsugol Region in southeast Mongolia. 
280  
As mentioned by Lee and Gu (1976, p. 294) and Pavlova et al. (1991, p. 125), 
Spiriferella ovata resembles S. rajah (Salter in Salter and Blanford, 1865, p. 59), but 
it differs from the latter by its longitudinally ovate outline, fewer lateral plications and 
shorter hinge line. S. primaeva Waterhouse and Waddington (1982, p. 12, pl. 1, figs 
1-6; text-figure 10) from the Carboniferous of the Yukon Territory and the Canadian 
Arctic Archipelago is readily distinguished from the current species by its much wider, 
simple plications and rare or no costae. S. cundlegoensi Archbold and Thomas (1985, 
p. 37, figs 1A-Z, AA) from the late Artinskian (Permian) of West Australia differs 
from S. ovata by its smaller shell size and simple plications. 
 
Occurrence.— HV-5, 6, 8, 13; Hovsugol section, Kungurian. 
 
Spiriferella keilhaviiformis Fredericks, 1916 
Plate 50, Figures 15-21; Plate 51, Figures 1-23; Plate 52, Figures 1-24; Plate 53, 
Figures 1-24; Plate 54, Figures 1-4 
1916  Spiriferella rajah (Salter) var. keilhaviiformis Fredericks, p. 85, pl. 5, fig. 7. 
1931  Spiriferella keilhaviiformis Fredericks; Grabau, p. 160, pl. 21, figs 6-7. 
1980  Spiriferella keilhaviiformis Fredericks; Lee, Gu and Su, p. 419, pl. 178, figs 11-
12. 
1991  Spiriferella keilhaviiformis Fredericks; Pavlova et al., p. 126, pl. 30, fig. 8. 
 
Materials.— Two hundred and twenty-six specimens. Registered specimens: 
two conjoined shells (NIGP Ske. 01-02); twenty ventral valves (NIGP Ske. 03-22); 
one internal mould of a ventral valve (NIGP Ske. 23) and one dorsal valve (NIGP Ske. 
24). 
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Description.— Medium size for genus, average length about 31 mm and width 
about 35 mm, slightly wider than long; transversely ovate in outline, the widest part 
around midvalve; biconvex shell with ventral valve more convex than dorsal valve in 
lateral view; hinge slightly shorter than shell width; sides and anterior margin broadly 
rounded; cardinal extremities slightly auriculate; anterior commissure uniplicate, 
weakly plicated laterally; sulcus and fold distinct; surface strongly costate, producing 
fascicles and plications. 
Ventral valve moderately to strongly convex in lateral view; beak prominent, 
strongly hooked, slightly protruding beyond hinge line with pointed tip; umbo 
strongly incurved, umbonal angle slightly less than 90º; umbonal slopes moderately 
long and steep, slightly concave; lateral slopes long and gradually sloping; interarea 
moderately high, weakly concave, narrow at beak, rapidly widening anteriorly; 
delthyrium high and triangular in shape; median sulcus relatively shallow, defined by 
two broadly high plications, originating from the beak, narrow and moderately deep at 
posterior part, then gradually widening and deepening to the anterior margin, broadly 
rounded on floor; surface moderately to strongly costate, costae broad and rounded, 
beginning at beak, each one of them generally bifurcating once, and producing very 
weak fascicles, making low plications on shell; each flank bearing four to five 
plicatons, plications moderately high with crest rounded, separated by shallow, 
narrow and rounded interspaces; growth lines weak with some small pustules on 
surface. 
Dorsal valve moderately convex in lateral view; the greatest convexity anterior 
to umbo; umbo low and small, moderately inflated; beak very short and blunt; 
interarea very low; umbonal slopes very short and steep; dorsal fold moderately high 
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and strong, gradually widening toward anterior margin; surface ornamentation similar 
to that of ventral valve, but with slightly lower and wider plications. 
Ventral valve interior with strong and relatively short dental plates; adminicula 
almost or completely buried in secondary thickening; muscle field broad, tapering 
anteriorly at about 45 degrees on slightly raised platform; adductors depressed, 
diductors striated longitudinally; dorsal interior with large, strong hinge sockets. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW IH 
NIGP Ske. 01 
NIGP Ske. 02 
NIGP Ske. 03 
NIGP Ske. 04 
NIGP Ske. 05 
NIGP Ske. 06 
NIGP Ske. 07 
NIGP Ske. 08 
NIGP Ske. 09 
NIGP Ske. 10 
NIGP Ske. 11 
NIGP Ske. 12 
NIGP Ske. 13 
NIGP Ske. 14 
34.81 
29.01 
33.79 
31.02 
31.22 
27.57 
29.28 
27.09 
30.19 
27.61 
22.08 
18.50 
21.02 
30.86 
34.56 
27.16 
34.66 
29.62 
31.32 
34.70 
30.12 
27.81 
40.13 
32.31 
30.97 
29.46 
29.52 
36.56 
22.10 
15.80 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
29.73 
23.76 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4.63 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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NIGP Ske. 15 
NIGP Ske. 16 
NIGP Ske. 17 
NIGP Ske. 18 
NIGP Ske. 19 
NIGP Ske. 20 
NIGP Ske. 21 
NIGP Ske. 22 
NIGP Ske. 23 
NIGP Ske. 24 
35.13 
39.43 
34.01 
35.27 
35.18 
43.61 
43.51 
28.62 
- 
18.48 
35.63 
46.67 
37.06 
35.62 
40.84 
40.62 
46.37 
37.73 
39.40 
30.32 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— The specimen illustrated as Spiriferella rajah (Salter) var. 
keilhaviiformis Fredericks, 1916, (p. 85, pl. 5, fig. 7) is relatively larger than the 
specimens studied herein, with distinct costae and plications. But the simple 
bifurcating costae are the same as those on the specimens described herein. Grabau 
(1931, p. 160, pl. 21, figs 6-7) provided two fragmented specimens of the species 
Spiriferella keilhaviiformis from the Permian of Jisu Honguer (Zhesi), Inner Mongolia, 
which are also larger in shell size, but have the same surface costae and plications as 
the material studied. Moreover, our specimens fully agree with the specimen 
illustrated by Pavlova et al. (1991, p. 126, pl. 30, fig. 8) from south Mongolia. 
The species of Spiriferella keilhavii (von Buch) described by Harker and 
Thorsteinsson (1960, p. 72, pl. 22, figs 9-11; pl. 23, figs 1-2) from the Assistance 
Formation of Grinnell Peninsula, Arctic Archipelago, bears some resemblances to S. 
keilhaviiformis, however, the former differs from the latter by having a higher 
interarea, the widest part of the shell along the hinge and a somewhat V-shaped 
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ventral sulcus in cross section. S. wangi Liu and Waterhouse (1985, p. 31, pl. 7, fig. 9; 
pl. 8, figs 1-5, 7-8) from the Houtoumiao Formation (possible Artinskian age) of Inner 
Mongolia differs from S. keilhaviiformis by its elongate outline, simple plicae and 
narrow sulcus. S. unicostata Chang in Chang and Ching (also see Zhang and Jin) 
(1976, p. 211, pl. 16, figs 1-2) from the Selong Group of Tibet, China is similar to the 
present species in its ovate outline, but differs in its tricostate bounding plications and 
simple lateral plications. 
 
Occurrence.— HV-5, 6, 8, 9, 13, 14, 15; Hovsugol section, Kungurian. 
 
Spiriferella mugunica Pavlova in Pavlova et al., 1991 
Plate 54, Figures 5-24; Plate 55, Figures 1-15 
1991  Spiriferella mugunica Pavlova in Pavlova et al., p. 127, pl. 30, figs 5-7. 
 
Materials.— Seventeen specimens. Registered specimens: four conjoined 
shells (NIGP Smu. 01-04); four ventral valves (NIGP Smu. 05-08) and one internal 
mould of a ventral valve (NIGP Smu. 09). 
 
Description.— Small size for genus, average length about 20 mm and width 
about 25 mm, wider than long; transversely semicircular to subcircular in outline, the 
widest part around the midvalve or slightly behind, rarely at hinge line; biconvex shell 
with ventral valve more convex than dorsal valve in lateral view; sides and anterior 
margin broadly rounded; ears small and cardinal extremities not rounded; anterior 
commissure uniplicate; sulcus and fold developed; surface strongly costate, forming 
weak fascicles and relatively strong plications. 
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Ventral valve moderately to strongly convex or inflated in lateral profile; beak 
short, strongly incurved but not protruding beyond hinge line; umbo well inflated and 
strongly incurved with umbonal angle more than 90º; umbonal slopes relatively short, 
steep and gently concave; lateral slopes long and moderately steep; interarea 
moderately high, concave, narrow at beak, rapidly widening anteriorly to form 
broadly triangular shape; delthyrium moderately high and triangular in shape; median 
sulcus originated from beak, narrow and shallow at posterior part, gradually widening 
and deepening to the anterior margin, but still less than one third of shell width; sulcal 
floor narrow and u-shape in cross section, generally carrying one median costa; 
surface strongly costate, costae broadly rounded, beginning at beak, each costa 
weakly bifurcating once and producing very weak fascicles, but making distinct 
plications on shell; interspaces between plications rounded, shallow and moderately 
wide; each flank bearing four to five pairs of plicae, low and broad, well rounded; the 
innermost pairs normally higher and wider than any other pairs; growth lines and 
laminae very weak over anterior half of the shell. 
Dorsal valve moderately convex in lateral profile with semicircular outline; 
umbo small, slightly inflated; beak short; interarea very low; umbonal slopes short 
and gently inclined; dorsal fold normally low and well demarcated from flanks by 
lateral grooves, crest divided by a thin median groove beginning from umbo or 
anterior to umbo; flanks normally covered with three to four pairs of plicae, plicae 
separated by wide, shallow interspaces; weak growth lines and thin laminae observed 
on the anterior margin of the shell. 
Ventral valve interior with strong dental plates and short adminicula, majority 
of adminicula normally buried within umbonal thickening; muscle field elongate and 
small; adductor scars narrow and elongate, diductor scars striated. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW IH 
NIGP Smu. 01 
NIGP Smu. 02 
NIGP Smu. 03 
NIGP Smu. 04 
NIGP Smu. 05 
NIGP Smu. 06 
NIGP Smu. 07 
NIGP Smu. 08 
NIGP Smu. 09 
14.73 
17.75 
21.42 
23.59 
21.90 
20.16 
21.32 
23.50 
14.75 
18.20 
20.74 
27.09 
28.07 
29.08 
27.10 
30.96 
23.75 
18.35 
10.12 
9.94 
12.48 
15.48 
- 
- 
- 
- 
- 
15.83 
17.48 
21.48 
23.19 
- 
- 
- 
- 
- 
2.67 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— Until this study, Spiriferella mugunica Pavlova has only been 
reported from the Middle to Late Permian of south Mongolia by Pavlova et al. (1991). 
However, the current study suggests that this species is in the Early Permian of 
southeastern Mongolia. Our specimens agree with or are comparable to Pavlova‘s 
illustions (Pavlova et al., 1991, p. 127, pl. 30, figs 5-7). 
One of the closest species to the present species is Spiriferella talbeica Ifanova 
(1972, p. 140, pl. 13, figs 3-4) from the Permian deposit (possible Kungurian age) of 
the Petchora Basin in Russia. However, S. talbeica differs from S. mugunica by its 
deeper and wider median sulcus, more lateral plicae and more elongate shell outline. 
The species Spiriferella draschei (Toula) described by Cooper (1957, p. 56, pl. 11C, 
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figs 7-20) from the Permian of Central Oregon differs from S. mugunica by its larger 
shell size, its wider median sulcus and by having more costae and plicae. 
 
Occurrence.— HV-5, 13, 14, 15; Hovsugol section, Kungurian. 
 
Spiriferella keilhavii (von Buch, 1846) 
Plate 55, Figures 16-20; Plate 56, Figures 1-22; Plate 57, Figures 1-19 
1846  Spirifer keilhavii von Buch, p. 74, pl. 1, figs 2a-2b. 
1855  Spirifer keilhavii von Buch; Salter, p. 386, pl. 36, figs 9-11. 
1901  Spirifer keilhavii von Buch; Frech, pl. 57c, figs 1b-c. 
1902  Spiriferina (Spiriferella) keilhavii (von Buch); Tschernyschew, p. 126, 527, pl. 
40, figs 1-4. 
1914  Spiriferina keilhavii (von Buch); Wiman, p. 36, pl. 2, figs 25-30; pl. 3, fig. 1. 
1916  Spiriferella keilhavii (von Buch); Tschernyschew and Stepanov, p. 79, pl. 11, 
figs 2-3. 
1931  Spiriferella keilhavii (von Buch); Frebold, p. 28, pl. 5, figs 7-9. 
1931  Spiriferella keilhavii (von Buch); Grabau, p. 164, pl. 20, figs 9a-c; pl. 21, figs 
1-5. 
1936  Spiriferella keilhavii (von Buch); Stepanov, p. 123, pl. 5, figs 2-3. 
1937  Spiriferella keilhavii (von Buch); Frebold, p. 46, pl. 11, fig. 9. 
1937a Spiriferella keilhavii (von Buch); Stepanov, p. 143, 179, pl. 7, figs 8-11. 
1939  Spirifer (Spiriferella) keilhavii (von Buch); Licharew and Einor, p. 139, pl. 23, 
figs 6-7; pl. 24, figs 1-9. 
1955  Spiriferella keilhavii (von Buch); Dunbar, p. 139, pl. 25, figs 1-9; pl. 26, figs 1-
11; pl. 27, figs 1-14. 
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1955  Spiriferella keilhavii (von Buch); Wang, p. 166, pl. 99, figs 8-10. 
1960  Spiriferella keilhavii (von Buch); Harker and Thorsteinsson, p. 72, pl. 22, figs 
9-11; pl. 23, figs 1-2. 
1963  Spiriferella keilhavii (von Buch); Yanagida, p. 72, pl. 9, figs 4-9, pl. 10, figs 1-7. 
1964  Spiriferella keilhavii (von Buch); Gobbett, p. 152, pl. 20, figs 8-10. 
1964  Spiriferella keilhavii (von Buch); Wang, Jin and Fang, p. 592, pl. 114, figs 21-
23; pl. 115, fig. 16. 
1968  Spiriferella keilhavii (von Buch); Nelson and Johnson, p. 736, pl. 96, figs 7-8, 
12; text-figures 3e, 8a, 9, 13b. 
1971  Spiriferella aff. keilhavii (von Buch); Bamber and Waterhouse, pl. 20, fig. 7. 
1976  Spiriferella keilhavii (von Buch); Lee and Gu, p. 293, pl. 173, figs 2-4, 6, 8; pl. 
175, fig. 7; pl. 176, fig. 6. 
1979  Spiriferella keilhavii (von Buch); Minato et al., pl. 67, figs 1-3. 
1980  Spiriferella keilhavii (von Buch); Lee, Gu and Su, p. 418, pl. 178, fig. 8. 
1982  Spiriferella keilhavii (von Buch); Tazawa and Gunji, p. 70, pl. 4, figs 4-7. 
1982  Spiriferella keilhavii (von Buch); Waterhouse and Waddington, p. 28, pl. 4, fig. 
15; pl. 6, figs 3-14; text-figures 16e, g, h, i, 19. 
1985  Spiriferella keilhavii (von Buch); Lee, Gu and Li, p. 122, pl. 2, figs 1, 5, 8. 
1999b Spiriferella keilhavii (von Buch); Tazawa, p. 5, pl. 1, figs 2-6. 
2001  Spiriferella keilhavii (von Buch); Tazawa and Ibaraki, p. 16, pl. 4, figs 1-10. 
2002  Spiriferella keilhavii (von Buch); Shi, Shen and Tazawa, p. 291, figs 4.16-17. 
 
Materials.— Thirty specimens. Registered specimens: one conjoined shell 
(NIGP Sk. 01); twelve ventral valves (NIGP Sk. 02-13); one internal mould of a 
dorsal valve (NIGP Sk. 14) and one internal mould of a ventral valve (NIGP Sk. 15). 
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Description.— Shell large for genus, average length about 51 mm and width 
about 45 mm, longer than wide; longitudinally subquadrate in outline, with the 
greatest width at or near hinge; biconvex shell with ventral valve much more convex 
than dorsal valve in lateral view; hinge mostly not well or incompletely preserved; 
sides steeply rounded; cardinal extremeties bluntly obtuse; anterior commissure 
broadly uniplicate; sulcus and fold developed; surface strongly costate, producing 
plications and weak fascicles. 
Ventral valve moderately to strongly convex in lateral profile, with maximum 
convexity at umbonal region; beak small, strongly hooked, slightly protruding beyond 
hinge line; umbo strongly incurved, umbonal angle 60º to 70º; umbonal slopes 
moderately long and steep, weakly concave; lateral slopes long and steep; interarea 
moderately high, weakly concave; delthyrium not well preserved; median sulcus wide 
and moderately deep, with U-shaped cross-section and two to three minor costae on 
each side of inner slopes, sulcal floor with one or two low and weak costae; sulcus 
originating from umbo, narrow and shallow at posterior part, then gradually widening 
and deepening to anterior margin, with broadly rounded floor; external surface 
ornamented by 10-12 strong costae, usually making low plications, and numerous 
very fine concentric lines; costae broad, rounded, and projecting 2-3 weak fascicles, 
narrow and moderately deep interspaces between strong costae. 
Dorsal valve slightly convex in lateral profile; dorsal valve about two-thirds 
length of ventral valve; umbo slightly inflated; umbonal slopes short and gradually 
inclined; dorsal fold moderately wide and low, with a narrow and deep median groove 
commencing at hinge; external ornament of dorsal valve similar to that of ventral 
valve, but with relatively simple plicae and broad interspaces. 
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Ventral valve interior with a pair of strong dental plates; umbonal cavity filled 
with secondary thickening; adminicula partly buried in secondary thickening; muscle 
field large, and heart-shaped, slightly elevated anteriorly, tapering with no anterior 
ridge; adductors long and narrow; diductors wide and weakly striated longitudinally; 
dorsal interior with small cardinal process and strong sockets. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Sk. 01 
NIGP Sk. 02 
NIGP Sk. 03 
NIGP Sk. 04 
NIGP Sk. 05 
NIGP Sk. 06 
NIGP Sk. 07 
NIGP Sk. 08 
NIGP Sk. 09 
NIGP Sk. 10 
NIGP Sk. 11 
NIGP Sk. 12 
NIGP Sk. 13 
NIGP Sk. 14 
NIGP Sk. 15 
57.60 
50.09 
50.36 
51.59 
52.26 
44.51 
50.37 
66.41 
54.60 
39.75 
38.48 
54.55 
51.55 
- 
- 
41.46 
38.89 
43.06 
38.32 
48.91 
43.10 
44.51 
55.49 
49.29 
35.78 
37.77 
48.26 
44.15 
47.19 
49.43 
29.61 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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Discussion.— As listed above in the synonymy, Spiriferella keilhavii has been 
described and illustrated by many authors from many places. The species main 
features are its large shell size, a hinge line that is almost the maximum shell width 
and its strongly plicated costae. This species is reported from the Lower to Middle 
Permian of Arctic Canada (Yukon Territory, Devon Island and Ellesmere Island), 
Canada (British Columbia), USA (Alaska), Greenland, Svalbard (Spitsbergen and 
Bear Island), north China (Inner Mongolia), northeast China (Heilongjiang Province), 
Japan (South Kitakami and Hida Gaien Belts) and Mongolia. 
The species Spiriferella salteri (Tschernyschew, 1902, p. 528, pl. 6, fig. 5; pl. 
12, figs 5-6) from the Lower Permian of the southern Urals and Timan, Russia 
resembles S. keilhavii in general outline, but it differs from the latter by its higher 
interarea and deeper ventral sulcus. S. clypeata Cooper and Grant (1976, p. 2226, pl. 
627, figs 1-22; pl. 628, fig. 37) from the Word Formation of West Texas, USA is 
distinguished from S. keilhavii by its lower and broader costae, more auriculate 
cardinal extremities and much stronger growth laminae. S. grandis Kotljar in 
Licharew and Kotljar (1978, p. 73, pl. 18, figs 7-8) from the Permian of southern 
Primoria, Russian Far East differs from the present species by its larger shell size, 
more transverse outline and deeper ventral sulcus. 
 
Occurrence.— HV-5, 8, 13, 15; Hovsugol section, Kungurian. 
 
Spiriferella praesaranae Stepanov, 1948 
Plate 57, Figures 20-21; Plate 58, Figures 1-25; Plate 59, Figures 1-26; Plate 60, 
Figures 1-28; Plate 61, Figures 1-2 
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1948  Spirifer (Spiriferella) praesaranae Stepanov, p. 43, pl. 10, figs 3-8. 
1960  Spiriferella praesaranae Stepanov; Mironova, p. 49, pl. 2, figs 4-6. 
1967  Spiriferella praesaranae Stepanov; Mironova, p. 44, pl. 4, fig. 5. 
1980  Spiriferella praesaranae Stepanov; Kalashnikov, p. 84, pl. 32, figs 1-4. 
 
Materials.— One hundred and thirteen specimens. Registered specimens: two 
conjoined shells (NIGP Spr. 01, 10); twenty-six ventral valves (NIGP Spr. 02-09, 11-
28) and one internal mould of a ventral valve (NIGP Spr. 29). 
 
Description.— Small to medium size for genus, average length about 18 mm 
and width about 21 mm, wider than long; transversely ovate to subovate in outline, 
widest part at hinge or slightly anterior to hinge; biconvex shell with ventral valve 
more convex than dorsal valve in lateral profile; hinge moderately auriculate, 
terminating in blunt points in most specimens; sides broadly rounded; anterior 
commissure uniplicate, gently plicated laterally; sulcus and fold developed; surface 
strongly costate, producing plications. 
Ventral valve moderately convex in lateral profile, maximum convexity 
around umbonal region; beak small, normally strongly hooked; umbo moderately to 
strongly incurved; umbonal slopes short and steep, weakly concave; lateral slopes 
long and gently inclined; interarea moderately high, concave and broadly triangular in 
shape; delthyrium high; median sulcus originating from the beak, shallow and narrow 
posteriorly, but gradually widening and deepening to the anterior margin; sulcus 
normally well defined by two higher plications, with sulcal floor narrowly rounded 
and U-shaped in cross-section, median trough sometimes with very weak costae; 
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external surface with strong, broad and rounded costae, beginning at beaks, no 
significant bifurcation, some specimens with weak bifurcation and moderately high 
plications; usually about 5 strong costae on each flank, interspaces between plications 
moderately wide and deep; fine, weak concentric lines. 
Dorsal valve slightly convex in lateral profile, beak area slightly more convex 
than other parts; outline transversely subelliptical; beak short and blunt; interarea very 
low; fold low, with a narrow and shallow median groove; external surface similar to 
that of ventral valve, but with slightly lower plications and shallower interspaces. 
Ventral valve interior with a pair of strong dental plates; adminicula mostly 
buried in secondary thickening; umbonal cavity filled with secondary thickening; 
muscle area elongate ovate, bisected by thin, low median ridge; adductors elongate 
and narrow; diductors larger; dorsal interior with relatively small cardinal process and 
strong sockets. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Spr. 01 
NIGP Spr. 02 
NIGP Spr. 03 
NIGP Spr. 04 
NIGP Spr. 05 
NIGP Spr. 06 
NIGP Spr. 07 
14.12 
20.29 
20.67 
14.74 
20.98 
21.30 
18.60 
20.57 
20.78 
27.07 
22.32 
21.24 
23.66 
24.29 
9.93 
- 
- 
- 
- 
- 
- 
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NIGP Spr. 08 
NIGP Spr. 09 
NIGP Spr. 10 
NIGP Spr. 11 
NIGP Spr. 12 
NIGP Spr. 13 
NIGP Spr. 14 
NIGP Spr. 15 
NIGP Spr. 16 
NIGP Spr. 17 
NIGP Spr. 18 
NIGP Spr. 19 
NIGP Spr. 20 
NIGP Spr. 21 
NIGP Spr. 22 
NIGP Spr. 23 
NIGP Spr. 24 
NIGP Spr. 25 
NIGP Spr. 26 
NIGP Spr. 27 
NIGP Spr. 28 
NIGP Spr. 29 
22.05 
19.30 
14.20 
20.38 
20.19 
18.20 
15.48 
12.46 
11.50 
12.80 
16.78 
17.31 
17.08 
17.67 
14.43 
14.39 
16.17 
18.22 
19.62 
24.87 
13.60 
16.09 
26.29 
20.23 
22.27 
25.23 
24.85 
19.81 
18.30 
18.41 
15.95 
13.17 
18.34 
20.34 
19.29 
18.90 
17.16 
14.87 
17.50 
19.25 
22.99 
26.04 
17.97 
18.21 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— This species was named by Stepanov in 1948 from the Upper 
Carboniferous deposits of Bashkiria. Later it was reported by Mironova (1960; 1967) 
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from the Petchora Basin and again from the Upper Carboniferous deposits of 
Bashkiria, and more recently it has been reported by Kalashnikov (1980) from the 
Upper Carboniferous to Lower Permian deposits of the European North of Russia. 
Our specimens are nearly the same as those illustrated by Stepanov (1948), Mironova 
(1960; 1967) and Kalashnikov (1980). The significant features of the species are its 
small shell size in comparison to other species in the genus and its prominent 
plications with weak bifurcation. 
Spiriferella praesaranae Stepanov, 1948 looks very close to Spiriferella 
kupangensis (Beyrich, 1864, p. 78, pl. 1, figs 6a-c) in general outline and shell 
plications, but it differs from Beyrich‘s drawing by its elongate outline, lower 
convexity of the dorsal valve and a higher interarea. S. parva (Cooper, 1957, p. 57, pl. 
11A, figs 1-5) from the Permian of Central Oregon, USA resembles S. praesaranae in 
shell size, but differs from the latter by its elongate outline, fascicostellate surface and 
extremely narrow fold. S. bitutchensis Abramov (1974, p. 86, pl. 3, figs 9-10) from 
the Lower Permian deposits of the southern Verkhoyansk Region is similar to S. 
praesaranae in its transverse shell outline, but it differs from the latter by its very 
coarse plications and wider interspaces. 
 
Occurrence.— HV-5, 6, 8, 9, 13, 15; Hovsugol section, Kungurian. 
 
Genus Alispiriferella Waterhouse and Waddington, 1982 
 
Type species.— Spirifer (Spiriferella) keilhavii var. ordinaria Einor in Licharew and 
Einor, 1939, p. 140, pl. 23, figs 6-7; pl. 24, fig. 1 from the Lower Permian (Cisuralian) 
of Novaya Zemlya in Russia. 
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Alispiriferella Waterhouse and Waddington, 1982, p. 30. 
Alispiriferella Abramov and Grigorjewa, 1988, p. 157. 
Alispiriferella Pavlova et al., 1991, p. 127. 
Alispiriferella Shi and Waterhouse, 1996, p. 133. 
Alispiriferella Afanasjeva et al., 2003, p. 147. 
Alispiriferella Wang and Zhang, 2003, p. 153. 
Alispiriferella Carter, 2006, p. 1805. 
 
Diagnosis.— Medium sized Spiriferellinae, distinguished by its moderately 
alate cardinal extremities and subrectangular to subovate outline; dorsal fold with 
wide and well defined median groove along crest; interior similar to Spiriferella; 
ventral valve interior with substantial secondary shell. 
 
Discussion.— Alispiriferella was named by Waterhouse and Waddington in 
1982 and Spirifer (Spiriferella) keilhavii var. ordinaria Einor in Licharew and Einor, 
1939 from the Lower Permian (Cisuralian) of Novaya Zemlya in Russia, was 
nominated as the type species. Additional species included in this genus are A. lita 
(Spiriferella saranae mut. lita) (Fredericks, 1924a), A. gydanensis (Spiriferella 
gydanensis) (Zavodowsky, 1968), A. sinensis (Wang and Zhang, 2003) and A. 
neimongolensis (Wang and Zhang, 2003). 
 
Alispiriferella lita (Fredericks, 1924a) 
Plate 61, Figures 3-25; Plate 62, Figures 1-12 
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1924a Spiriferella saranae mut. lita Fredericks, p. 36, pl. 1, figs 16-27; text-figures 
2a-2b. 
1925  Spirifer cf. saranae mut. lita (Fredericks); Hayasaka, p. 98, pl. 5, fig. 14. 
1937b Spiriferella lita (Fredericks); Stepanov, p. 32, pl. 1, fig. 11; pl. 2, figs 10-11; pl. 
5, fig. 5; pl. 11, fig. 1. 
1944  Spiriferella cf. saranae mut. lita Fredericks; Nonaka, p. 86, pl. 7, figs 12-14. 
1963  Spiriferella lita (Fredericks); Ustritsky and Tschernjak, p. 109, pl. 36, figs 8-9. 
1979  Spiriferella lita (Fredericks); Tazawa, p. 28, pl. 4, figs 12-13; pl. 5, figs 1-4, 6. 
1991  Alispiriferella lita (Fredericks); Pavlova et al., p. 128, pl. 30, figs 9-10, 15. 
2000  Spiriferella cf. lita (Fredericks); Tazawa, Takizawa and Kamada, p. 12, pl. 1, 
figs 16-17. 
2000  Spiriferella lita (Fredericks); Tazawa, fig. 3.9. 
2001  Spiriferella lita (Fredericks); Tazawa, p. 302, figs 8.19-8.22. 
2001  Alispiriferella japonica Tazawa, p. 303, figs 8.15-8.18. 
2006  Spiriferella lita (Fredericks); Tazawa and Chen, p. 336, fig. 6.4. 
2007  Alispiriferella lita (Fredericks); Tazawa and Hasegawa, p. 9, figs 5.3-5.11. 
2008a Alispiriferella lita (Fredericks); Tazawa, p. 41, figs 6.6-6.7. 
2008b Alispiriferella lita (Fredericks); Tazawa, p. 55, figs 9.8a-9.14. 
2009  Alispiriferella lita (Fredericks); Tazawa, p. 74, figs 5.4a-5.9. 
 
Materials.— Twenty-three specimens. Registered specimens: two conjoined 
shells (NIGP Ali. 01-02); nine ventral valves (NIGP Ali. 03-11); two dorsal valves 
(NIGP Ali. 12-13) and one internal mould of a dorsal valve (NIGP Ali. 14). 
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Description.— Shell medium to large for genus, average length about 26 mm 
and width about 32 mm, wider than long; transversely subovate in outline, greatest 
width variably placed between hinge and midlength; biconvex shell with ventral valve 
much more convex than dorsal valve in lateral view; hinge straight; sides broadly 
rounded; cardinal extremeties alate; anterior commissure broadly uniplicate; sulcus 
and fold well developed; surface strongly costate, producing plications. 
Ventral valve moderately to strongly convex in lateral profile, with maximum 
convexity at umbonal region; beak small and strongly incurved, hanging over hinge 
line; interarea moderately high, broad and gently concave, with large delthyrium; 
umbo strongly incurved, umbonal slopes moderately long and steep, weakly concave; 
lateral slopes long and gently inclined; median sulcus narrow and moderately deep on 
posterior half, then widening and deepening toward anterior margin with a broad V-
shaped tongue protruding dorsally; sulcus with one or two pairs of weak costae; 
external surface strongly costae, 4-5 pairs of strong, simple, high and sharp or broad-
crested plicae on each side of sulcus; median two pairs plicae on some specimens 
developed two or three weak costae in anterior half; interspaces of plicae narrow and 
concave; concentric lines fine and faint. 
Dorsal valve gently convex in both lateral and anterior profiles; dorsal valve 
about 0.8 length of ventral valve; umbo small and strongly inflated; umbonal slopes 
short and gently inclined; dorsal fold relatively high and wide, steep-sided anteriorly, 
with a narrow and deep median groove for almost entire length; each flank of fold 
with a single costa on its anterior half; external ornament of dorsal valve similar to 
that of ventral valve, but with relatively narrower plicae and wider interspaces. 
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Ventral valve interior with a pair of high dental plates; muscle field deeply 
impressed and heart-shaped; dorsal interior with small cardinal process and strong 
sockets. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T HW IH 
NIGP Ali. 01 
NIGP Ali. 02 
NIGP Ali. 03 
NIGP Ali. 04 
NIGP Ali. 05 
NIGP Ali. 06 
NIGP Ali. 07 
NIGP Ali. 08 
NIGP Ali. 09 
NIGP Ali. 10 
NIGP Ali. 11 
NIGP Ali. 12 
NIGP Ali. 13 
NIGP Ali. 14 
28.93 
27.75 
31.01 
35.14 
32.24 
25.45 
24.04 
26.63 
20.98 
20.96 
21.41 
21.97 
22.41 
21.11 
31.95 
31.82 
33.13 
37.99 
32.68 
27.34 
35.51 
30.51 
26.60 
23.80 
36.75 
31.93 
25.98 
33.37 
19.92 
19.13 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
27.95 
28.73 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4.25 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— This species was originally reported from the Middle Permian 
of Ussuri, South Primorye, Russia by Fredericks in 1924a. Our specimens are 
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assigned to Alispiriferella lita on the basis of their relatively large and transverse 
shells, strong and simple external costae and the presence of a V-shaped ventral 
sulcus in cross section. A. lita has been reported mostly from the Middle to Upper 
Permian of East Asia as listed by Pavlova et al. (1991, p. 129) and Tazawa (2009, p. 
75), however, our new collections from southeastern Mongolia appear to extend the 
stratigraphical position of the species to the Kungurian, Lower Permian. 
The type species of Alispiriferella, A. ordinaria (Einor in Licharew and Einor, 
1939, p. 140, pl. 23, figs 6-7; pl. 24, fig. 1) from the Lower Permian (Cisuralian) of 
Novaya Zemlya in Russia, can be distinguished from A. lita by its smaller shell size, a 
ventral sulcus with two prominent sulcal costae and a somewhat less transverse 
outline. A. sinensis (Wang and Zhang, 2003, p. 154, pl. 43, figs 9-10; pl. 46, figs 1-8) 
from the Middle Permian of Zhesi Section of Inner Mongolia resembles A. lita in its 
external shell surface, but it differs from the latter by its rhomboid outline, slightly 
rounded cardinal extremeties and prominent concentric growth lines along the anterior 
margins of both valves. A. gydalensis (Zavodowsky, 1968, p. 159, pl. 46, fig. 1) from 
the Lower to Middle Permian Omolon Horizon (possibly correlated with the 
Kungurian) of the Kolyma River region, northeastern Siberia differs from the present 
species in having a much larger shell size, coarser plicae and a wider and shallower 
median groove on the dorsal fold. 
 
Occurrence.— HV-5, 13, 15; Hovsugol section, Kungurian. 
 
Superfamily PAECKELMANELLOIDEA Ivanova, 1972 
Family PAECKELMANELLIDAE Ivanova, 1972 
Subfamily PAECKELMANELLINAE Ivanova, 1972 
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Genus Paeckelmanella Licharew, 1934 
 
Type species.— Spirifer dieneri Tschernyschew, 1902, p. 535, pl. 9, figs 6-8 from the 
Lower Permian (Schwagerina Limestone) of the Ural Mountains, Russia. 
 
Paeckelmanella Licharew, 1934, p. 212. 
Paeckelmanella Gobbett, 1964, p. 156. 
Paeckelmanella Termier et al., 1974, p. 135. 
Paeckelmanella Lee and Gu, 1976, p. 279. 
Paeckelmanella Kalashnikov, 1980, p. 75. 
Paeckelmanella Kalashnikov, 1998, p. 66. 
Paeckelmanella Afanasjeva et al., 2003, p. 153. 
Paeckelmanella Wang and Zhang, 2003, p. 165. 
Paeckelmanella Klets, 2005, p. 144. 
Paeckelmanella Carter, 2006, p. 1818. 
 
Diagnosis.— Shell medium to large; outline strongly transverse with 
mucronate to alate cardinal extremities; ventral interarea moderately high and slightly 
concave; lateral slopes with continuously or gradually weak, broad and simple 
plications; sulcus with weak to strong median plica; fold mostly smooth; ventral valve 
interior with short, divergent dental adminicula, delthyrial plate and long, high median 
septum. 
 
Discussion.— Paeckelmanella was proposed initially as a subgenus of 
Pseudoharttina by Licharew in 1934 with the type species Spirifer dieneri 
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(Tschernyschew, 1902) from the Lower Permian of the Ural Mountains, Russia. 
Paeckelmanella differs from Darvasia, which was simultaneously named by 
Licharew in 1934. The differences include the formers larger shell size, lower ventral 
interarea and relatively wider fold and sulcus. 
 
Paeckelmanella latissima Pavlova in Pavlova et al., 1991 
Plate 62, Figures 13-21 
1991  Paeckelmanella latissima Pavlova in Pavlova et al., p. 137, pl. 32, fig. 4. 
2003  Paeckelmanella latissima Pavlova; Afanasjeva et al., p. 153, pl. 60, fig. 10. 
 
Materials.— Eighteen specimens. Registered specimens: four ventral valves 
(NIGP Pla. 01-04) and four dorsal valves (NIGP Pla. 05-08). 
 
Description.— Shell medium to large in size for genus, average length about 
24 mm and width about 68 mm, much wider than long; transversely triangular to 
subtriangular in outline, with the greatest width along the hinge line; low biconvexity 
of shell, ventral valve more convex than dorsal valve in lateral profile, usually the 
longitudinal convexity of both valves is greater than the transverse convexity; hinge 
line straight; cardinal extremeties triangular in shape and pointed; anterior 
commissure slightly uniplicate and often crushed; sulcus and fold moderately 
developed; surface strongly costate. 
Ventral valve moderately convex in both lateral and anterior profiles, 
relatively the most convex part around umbonal region or slightly anterior; beak small 
and curved; interarea wide and moderately high, slightly concave longitudinally with 
striated surface; delthyrium narrowly triangular; umbo incurved with umbonal slopes 
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short and gently inclined, weakly concave; lateral slopes long, gently and gradually 
inclined; median sulcus moderately deep, beginning from beak, relatively narrow and 
shallow, then gradually widening a little toward anterior margin, U-shaped trough in 
cross section; the median costa on sulcus weakly developed; external costae simple, 
low and broad, amplitude decreasing distally, 6-9 pairs on each side of median sulcus; 
interspaces of costae narrow and shallow; fine concentric growth lines or lamellae 
observed on some of the specimens. 
Dorsal valve with low or gentle convexity in lateral profile; umbo small with 
very short and gentle umbonal slopes; dorsal beak very short; interarea narrow; fold 
relatively high and narrow; external surface similar to that of ventral valve. 
Ventral valve interior with strong dental plates; adminicula short and divergent; 
median septum narrow; muscle area elongate; dorsal valve interior with knob-shaped 
cardinal process. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Pla. 01 
NIGP Pla. 02 
NIGP Pla. 03 
NIGP Pla. 04 
NIGP Pla. 05 
NIGP Pla. 06 
NIGP Pla. 07 
29.41 
24.48 
19.26 
22.42 
27.77 
- 
20.48 
92.8 
56.22 
56.03 
- 
59.41 
75.06 
57.71 
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NIGP Pla. 08 22.76 74.66 
 
Discussion.— The species Paeckelmanella latissima was established by 
Pavlova in Pavlova et al. (1991) from the Hovsugol area of south Mongolia. Our 
current specimens are same in all respects to those Pavlova described and illustrated. 
Paeckelmanella ulanensis Lee and Gu (1976, p. 279, pl. 176, fig. 8) from the 
Zhesi Formation of Inner Mongolia differs from the current species by its fewer 
surface costae that are much wider and higher. However Lee and Gu‘s specimen is 
not well preserved, and the description provided by them is very brief and unclear and 
requires revision. Wang and Zhang (2003, p. 166) commented that the species either 
named or described by Lee and Gu are possibly not Paeckelmanella but may belong 
to other genera. However, because of the poor preservation of their specimens, further 
identification of the species described by Lee and Gu (1976) is hindered. P. 
muliplicata Gu and Zhu (1985, p. 89, pl. 2, fig. 17) from the Lower Permian of 
Lindong area in Inner Mongolia is similar to the present species in general outline, but 
distinguished from the latter by its extremely high ratio of width to length. The type 
species of P. dieneri (Tschernyschew, 1902, p. 535, pl. 9, figs 6-8) from the Lower 
Permian of the Ural Mountains, Russia differs from the present species by its higher 
interarea. 
 
Occurrence.— HV-5, 6, 9, 14; Hovsugol section, Kungurian. 
 
Paeckelmanella expansa (Tschernyschew, 1902) 
Plate 63, Figures 1-7 
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1902  Spiriferina expansa Tschernyschew, 1902, p. 118, pl. 12, fig. 2; pl. 14, figs 6-7; 
pl. 40, fig. 8. 
1939  Spirifer (Paeckelmanella?) expansa (Tschernyschew); Licharew, p. 109, pl. 27, 
fig. 4. 
1939  Spirifer (Paeckelmanella) expansa (Tschernyschew); Licharew and Einor, p. 
117, pl. 20, fig. 4. 
1964  Paeckelmanella aff. expansa (Tschernyschew); Gobbett, p. 156, pl. 21, figs 1-3; 
text-figure 22. 
1971  Paeckelmanella expansa (Tschernyschew); Zavodowsky and Stepanov, p. 109, 
pl. 12, figs 6-8; pl. 29, figs 10-11; pl. 33, fig. 11. 
1972  Paeckelmanella expansa (Tschernyschew); Ifanova, p. 132, pl. 9, fig. 10. 
1974  Spiriferinaella expansa (Tschernyschew); Kulikov, p. 101, pl. 7, fig. 4. 
1980  Paeckelmanella expansa (Tschernyschew); Kalashnikov, p. 76, pl. 21, fig. 5. 
1981  Paeckelmanella expansa (Tschernyschew); Ivanova, p. 37, pl. 6, figs 1-3. 
1991  Paeckelmanella expansa (Tschernyschew); Pavlova et al., p. 138, pl. 32, figs 5-
6. 
1998  Paeckelmanella expansa (Tschernyschew); Kalashnikov, p. 67, pl. 32, fig. 3. 
2003  Paeckelmanella expansa (Tschernyschew); Wang and Zhang, p. 166, pl. 45, 
figs 1-3. 
 
Materials.— Fourteen specimens. Registered specimens: three ventral valves 
(NIGP Pex. 01-03); one external mould of a ventral valve (NIGP Pex. 04) and three 
dorsal valves (NIGP Pex. 05-07). 
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Description.— Medium sized shell for genus, average length about 15 mm 
and width about 40 mm, much wider than long; strongly transverse, narrowly 
triangular in outline, with the greatest width along the hinge line; low biconvexity of 
shell, ventral valve slightly more convex than dorsal valve in lateral profile; hinge line 
straight; cardinal extremeties narrowly triangular in shape and pointed; anterior 
commissure slightly uniplicate; sulcus and fold moderately developed; surface 
strongly costate. 
Ventral valve low to moderately convex in both lateral and anterior profiles; 
beak small and strongly curved; interarea wide, narrow and low, slightly concave; 
umbo moderately inflated with umbonal slopes short and gently inclined, slightly 
concave; lateral slopes long and gently inclined; median sulcus beginning from beak 
or slightly anterior, narrow and shallow, gradually deepening and widening a little 
toward anterior margin, narrow U-shaped trough in cross section; the median costa on 
sulcus weak; surface costate, two pairs of costae around median sulcus stronger, 
making low plications, decreasing distally; 6-7 pairs on each side of median sulcus; 
interspaces of costae moderately wide and shallow; fine concentric growth lines 
observed on some of the specimens. 
Dorsal valve with low convex outline in lateral profile, moderately convex 
along the median fold in anterior profile; umbo small with slightly concave and short 
umbonal slopes; dorsal beak small and short; fold narrow and low, originating from 
beak, gradually widening to anterior margin; external surface similar to that of ventral 
valve, but the costae lower, and tending to be smooth close to cardinal extremities. 
Ventral valve interior with strong dental plates; dorsal valve interior with 
small cardinal process; muscle field of both valves not observed. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Pex. 01 
NIGP Pex. 02 
NIGP Pex. 03 
NIGP Pex. 04 
NIGP Pex. 05 
NIGP Pex. 06 
NIGP Pex. 07 
16.45 
12.87 
17.84 
12.38 
14.87 
10.29 
14.20 
42.85 
29.12 
41.16 
41.62 
49.07 
34.10 
41.36 
 
Discussion.— The current species is one of the most widely described species 
in the genus Paeckelmanella, as evidenced in the above synonymy list. The main 
features of this species are its alate shell with pointed cardinal extremities, low to 
moderate convexity and relatively narrow sulcus and fold. 
Paeckelmanella expansa differs from P. latissima described above by its 
smaller shell size, lower convexity and more narrowly expanded shell outline. P. 
calignea Stehli and Grant (1971, p. 515, pl. 65, figs 1-9, 12-17, 21-24, 29-31, 36) 
from the Permian of Axel Heiberg Island, Canada is similar in outline to the present 
species, but differs in having a higher median costa in the sulcus, stronger costae and 
a higher dorsal fold. 
 
Occurrence.— HV-5, 14; Hovsugol section, Kungurian. 
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Suborder DELTHYRIDINA Ivanova, 1972 
Superfamily RETICULARIOIDEA Waagen, 1883 
Family ELYTHIDAE Fredericks, 1924b 
Subfamily PHRICODOTHYRIDINAE Caster, 1939 
Genus Phricodothyris George, 1932 
 
Type species.— Phricodothyris lucerna George, 1932, p. 546, pl. 35, figs 2a-2d from 
the Lower Carboniferous of Britain. 
 
Phricodothyris George, 1932, p. 524. 
Phricodothyris Newell et al., 1953, p. 62. 
Phricodothyris Termier et al., 1974, p. 139. 
Phricodothyris Archbold and Thomas, 1984, p. 323. 
Phricodothyris Kalashnikov, 1998, p. 68. 
Phricodothyris Chen and Shi, 2002, p. 316. 
Phricodothyris Carter and Gourvennec, 2006, p. 1866. 
Phricodothyris Chen, 2004, p. 47. 
Phricodothyris Klets, 2005, p. 152. 
Phricodothyris Chen and Shi, 2006, p. 20. 
 
Diagnosis.— Small to large shell size; subcircular to subovate in outline; 
unequally biconvex, usually ventral valve more convex than dorsal valve; fold and 
sulcus absent or weakly developed; anterior commissure rectimarginate; hingeline 
shorter than shell width with rounded cardinal extremities; surface with fine 
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concentric lamellae bearing double-barrelled spines on anterior edges; ventral valve 
interior with very low dental flanges; dorsal interior with dental sockets. 
 
Discussion.— The relationships between the current genus and other closely 
related allies, such as Kitakamithyris (Minato, 1951), Nebenothyris (Minato, 1953), 
Anomaloria (Cooper and Grant, 1969), Squamularia (Gemmellaro, 1899), 
Permophricodothyris (Pavlova, 1965), Astegosia (Cooper and Grant, 1969) and 
Reticularia (McCoy, 1844), have been summaried by Shi et al. (2002, p. 374). 
Furthermore, Chen and Shi (2002, p. 317) discussed other genera associated with 
Phricodothyris and proposed a solution towards the distinction of genera Squamularia, 
Phricodothyris, Neophricodothyris, Permophricodothyris and Bullarina. The 
specimens from southeastern Mongolia have not revealed many of the structures 
listed by Shi et al. (2002) or the direction of the spiralia as discussed by Chen and Shi 
(2002), but I agree with their discussions. 
 
Phricodothyris suborbicularis (Reed, 1944) 
Plate 63, Figures 8-19; Plate 64, Figures 1-27; Plate 65, Figures 1-2 
1944  Squamularia (Neophricodothyris) baralensis var. suborbicularis Reed, p. 238, 
pl. 30, figs 5-6. 
1991  Phricodothyris suborbicularis (Reed); Pavlova et al., p. 135, pl. 32, figs 1-2. 
2003  Phricodothyris suborbicularis (Reed); Afanasjeva et al., p. 159, pl. 62, figs 8-9. 
 
Materials.— Fifty-four specimens. Registered specimens: one conjoined shell 
(NIGP Psu. 01); ten internal moulds of ventral valves (NIGP Psu. 02-11) and seven 
internal moulds of dorsal valves (NIGP Psu. 12-18). 
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Description.— Shell large size for genus, average length about 24 mm and 
width about 29 mm, wider than long; transversely subcircular or suborbicular in 
outline, the widest part around midvalve; biconvex shell with ventral valve more 
convex than dorsal valve in lateral view; hinge about one-third to one-half of shell 
width; sides and anterior margin rounded; cardinal extremities rounded; anterior 
commissure rectimarginate; no sulcus or fold; surface with fine concentric lamellae. 
Ventral valve strongly convex in lateral profile and moderately to highly 
domed in anterior profile; most convex at umbo; beak small and strongly incurved, 
but not beyond hinge line; palintrope relatively narrow and strongly concave; 
delthyrium small and triangular; umbonal region strongly inflated, umbonal slopes 
steep and moderately concave in profile; lateral slopes long and gradually sloping; 
median sulcus absent; surface mostly smooth on internal moulds, some traces of fine 
concentric lamellae or growth lines can still be observed; some specimens with 
patches of external surface preserved, with fine and regular concentric lamellae 
bearing double-barrelled spines on their anterior edges; spine impressions present 
between lamellae. 
Dorsal valve moderately convex in lateral profile, dorsal convexity greatest 
slightly anterior to umbo; umbo low and small, moderately inflated; beak short and 
low, obtusely pointed; umbonal slopes short and gently inclined; no dorsal fold; 
surface of internal moulds of specimens mostly smooth, but with traces of the fine 
concentric lamellae similar to those on ventral valve. 
Shell worn, internal details unknown. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Psu. 01 
NIGP Psu. 02 
NIGP Psu. 03 
NIGP Psu. 04 
NIGP Psu. 05 
NIGP Psu. 06 
NIGP Psu. 07 
NIGP Psu. 08 
NIGP Psu. 09 
NIGP Psu. 10 
NIGP Psu. 11 
NIGP Psu. 12 
NIGP Psu. 13 
NIGP Psu. 14 
NIGP Psu. 15 
NIGP Psu. 16 
NIGP Psu. 17 
NIGP Psu. 18 
32.30 
18.91 
26.89 
23.29 
22.61 
31.56 
21.19 
20.17 
23.74 
17.73 
21.15 
21.45 
21.84 
30.42 
22.20 
25.23 
19.86 
27.00 
35.86 
30.39 
33.04 
25.78 
26.48 
35.23 
24.95 
29.40 
28.15 
21.74 
22.18 
27.12 
28.34 
35.44 
26.18 
34.45 
23.52 
30.83 
19.59 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.— The Mongolian specimens from this collection are very close or 
identical to the specimens described by Reed (1944, p. 238, pl. 30, figs 5-6), who first 
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proposed the species as Squamularia (Neophricodothyris) baralensis var. 
suborbicularis. Also the specimens described and illustrated by Pavlova et al. (1991) 
and Afanasjeva et al. (2003) are identical to the present specimens, and both 
collections are from the same area of the Hovsugol Region. 
Phricodothyris occidentalis (Archbold and Thomas, 1984, p. 323, figs 4EE-
KK) from the Lower Permian of Western Australia resembles the present species in 
circular shell outline and rectimarginate anterior commissure, but differs in its much 
smaller shell size and lower interareas. P. lenaensis (Abramov and Grigorjewa, 1983, 
p. 140, pl. 32, figs 10-12, text-figure 55) from the Middle to Late Carboniferous of 
Verkhoyan also differs from P. suborbicularis by its small shell size. P. asiatica 
(Chao, 1929, p. 91, pl. 11, figs 12-14) from the Moscovian of the Shuicheng area, 
Guizhou Province, south China differs from P. suborbicularis by its smaller shell size, 
more rounded outline and more prominent concentric lamellae. The species described 
as P.? bachuensis by Chen and Shi (2002, p. 317, figs 12L; 13A-J, L-R; 15-16) from 
the Asselian - early Artinskian Nanza Formation, Xiaohaizi Section of the Tarim 
Basin, northwest China is readily differentiated from current species by its smaller 
shell size and shallow median sulcus. 
 
Occurrence.— HV-5, 7, 14, 15; Hovsugol section, Kungurian. 
 
Phricodothyris sp. 
Plate 65, Figures 3-27 
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Materials.— Forty-two specimens. Registered specimens: six internal moulds 
of ventral valves (NIGP Psp. 01-06) and two internal moulds of dorsal valves (NIGP 
Psp. 07-08). 
 
Description.— Small to medium size for genus, average length about 15 mm 
and width about 19 mm, wider than long; transversely semicircular in outline, the 
widest part around the midvalve or slightly posterior; biconvex shell with ventral 
valve more convex than dorsal valve in lateral view; hingeline narrower than 
maximum valve width; lateral and anterior margins regularly rounded; cardinal 
extremities rounded; anterior commissure rectimarginate; sulcus and fold absent; 
surface with fine concentric lamellae. 
Ventral valve strongly convex in lateral profile; most convex part at umbo; 
beak small and strongly incurved; palintrope relatively small and narrow, but strongly 
concave; delthyrium triangular; umbonal region strongly inflated with steep and 
moderately concave umbonal slopes; lateral slopes long and gradually sloping; no 
median sulcus; surface mostly smooth on internal moulds of specimens, but traces of 
fine concentric lamellae or growth lines can still be observed. 
Dorsal valve moderately convex in lateral profile, the greatest convexity 
slightly anterior to umbo; umbo low and small, moderately inflated; beak short and 
low, obtusely pointed; umbonal slopes very short and gently inclined; dorsal fold 
absent; surface of internal moulds of specimens mostly smooth, but with traces of fine 
concentric lamellae similar to those on ventral valve. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
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Specimen no. L W 
NIGP Psp. 01 
NIGP Psp. 02 
NIGP Psp. 03 
NIGP Psp. 04 
NIGP Psp. 05 
NIGP Psp. 06 
NIGP Psp. 07 
NIGP Psp. 08 
14.29 
13.82 
14.32 
16.01 
13.34 
14.51 
15.33 
12.47 
18.41 
18.73 
20.42 
21.18 
17.58 
18.01 
18.74 
16.76 
 
Discussion.— The specimens described here are mostly internal moulds but 
traces of fine concentric lamellae or growth lines can be clearly observed. They 
indicate that the specimens belong to genus Phricodothyris. The species is much 
smaller than P. suborbicularis described above. The specimens described by 
Abramov and Grigorjewa (1988, p. 175, pl. 30, figs 9-10; pl. 32, figs 10-12) as P. sp. 
from the Permian of Verkhoyan are somewhat similar to the present species, but 
Verkhoyan‘s specimens are more elongate, with finer concentric lamellae. 
 
Occurrence.— HV-5, 8, 9, 14; Hovsugol section, Kungurian. 
 
Subfamily TORYNIFERINAE Carter, 1994 
Genus Spirelytha Fredericks, 1924b 
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Type species.— Spirelytha pavlovae Archbold and Thomas, 1984, p. 313 for Spirifer 
scheii Tschernyschew in Tschernyschew and Stepanov, 1916 (but non Spirifer scheii 
Meyer, 1913), p. 45, pl. 9, figs 5-7 from the Permian of Arctic Siberia in Russia. 
 
Spirelytha Fredericks, 1924b, p. 304. 
Spirelytha Fredericks, 1926, p. 406. 
Spirelytha Pavlova, 1969, p. 81. 
Spirelytha Archbold and Thomas, 1984, p. 313. 
Spirelytha Klets, 1987, p. 35. 
Spirelytha Abramov and Grigorjewa, 1988, p. 173. 
Spirelytha Shi and Waterhouse, 1996, p. 145. 
Spirelytha Kalashnikov, 1998, p. 67. 
Spirelytha Afanasjeva et al., 2003, p. 158. 
Spirelytha Klets, 2005, p. 149. 
Spirelytha Carter and Gourvennec, 2006, p. 1868. 
 
Diagnosis.— Transversely subovate in outline; moderately biconvex shell; 
sulcus and fold variably developed; external surface with spine-bearing growth 
lamellae broadly spaced; lateral slopes lacking plications; ventral valve interior with 
dental adminicula and median septum; dorsal valve interior with delicate median 
myophragm; dorsal adminicula absent or poorly developed. 
 
Discussion.— Spirelytha was established in 1924 by Fredericks, but because 
of the lack of information on the dorsal valve of the type species, it was not widely 
used for quite a long time. However in 1984, Archbold and Thomas renamed the type 
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species to S. pavlovae and elucidated on the dorsal internal structures. According to 
Archbold and Thomas (1984, p. 313), Permian Spirelytha has a delicate dorsal 
myophragm and an absence of radial vascular markings. Furthermore, Klets (1987, p. 
35) found that the vascular system in Spirelytha was represented by netlike markings, 
which differs from the radial pattern of Kitakamithyris Minato, 1951 and Torynifer 
Hall and Clarke, 1895. In addition to the type species S. pavlovae, renamed by 
Archbold and Thomas (1984), the species reported under Spirelytha are S. fredericksi 
Archbold and Thomas from the Sterlitamakian (late Sakmarian, Permian) of Western 
Australia, and the Lower Permian (Kungurian) of south Mongolia; S. miloradovichi 
Archbold and Thomas from the Lower Permian (Artinskian to Kungurian) of Western 
Australia; S. stepanoviana Archbold and Thomas from the Lower Permian 
(Kungurian) of Western Australia; S. borealis (Mironova, 1964) from the Permian of 
the Urals in Russia; S. magna Miloradovich (1936) from the Lower Permian of 
Novaya Zemlya, Verkhoyan in Russia; S. kashirtsevi Archbold (1993) from the 
Lower Permian (Artinskian to Kungurian) of Western Australia and S. petaliformis 
(Pavlova in Grunt and Dmitriev, 1973) from the Lower Permian of the Karakorum 
Range, Pakistan, southeast Pamir and western Yunnan Province, China. 
 
Spirelytha fredericksi Archbold and Thomas, 1984 
Plate 65, Figures 28-29; Plate 66, Figures 1-4 
1984  Spirelytha fredericksi Archbold and Thomas, p. 313, figs 1A-R, 2A-K. 
1987  Spirelytha fredericksi Archbold and Thomas; Klets, p. 34, pl. 4, figs 8-12. 
1991  Spirelytha fredericksi Archbold and Thomas; Pavlova et al., p. 134, pl. 31, figs 
7a-7b. 
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1993  Spirelytha fredericksi Archbold and Thomas; Archbold, Thomas and Skwarko, 
microfilm page 97, pl. 42, figs 23-26. 
1996  Spirelytha fredericksi Archbold and Thomas; Shi and Waterhouse, p. 146, pl. 
28, figs 13-21. 
2005  Spirelytha fredericksi Archbold and Thomas; Klets, p. 149, pl. 26, figs 6-11. 
 
Materials.— Two specimens. Registered specimens: two incomplete 
conjoined shells (NIGP Sfr. 01-02). 
 
Description.— Medium size for genus, strongly biconvex, ventral valve 
slightly more convex than dorsal valve in lateral view; wider than long; shell outline 
transversely oval; maximum width close to midvalve; hinge line straight, about two-
thirds of shell width; sides and anterior margin rounded; cardinal extremities rounded; 
anterior commissure weakly or broadly uniplicate; sulcus and fold weakly developed; 
surface with concentric lamellae. 
Ventral valve strongly convex in lateral profile; umbo broad and strongly 
incurved; umbonal slopes moderately steep and slightly concave; lateral slopes long 
and gradually sloping; beak small and strongly incurved; interarea moderately high 
and gently concave, broadly triangular in shape, striated both vertically and 
horizontally; delthyrium broad and distinct; median sulcus commencing from 
midlength, generally shallow and broad; surface with prominent concentric lamellae, 
evenly spaced, about 3 in 5 mm at shell midlength; each lamella bearing a row of 
biramous spines along anterior edge, one or two in 1 mm. 
Dorsal valve slightly less convex than ventral valve in lateral profile; umbo 
small with short umbonal slopes; interarea very low; no distinct dorsal fold except for 
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broad median swelling observed; surface with concentric lamellae and spines similar 
to those on ventral valve. 
Internal structures not well revealed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Sfr. 01 
NIGP Sfr. 02 
25.23 
27.64 
37.87 
- 
19.63 
17.74 
 
Discussion.— The two specimens described here are not complete, one of 
them has been deformed on the anterior part of the shell, however, the general outline, 
surface ornamentation and weakly developed ventral sulcus and dorsal fold clearly 
indicate that they are Spirelytha fredericksi Archbold and Thomas (1984). 
Furthermore, part of the outer layer of the specimens was broken and the patches of 
the internal moulds exposed were the same or nearly identical to the illustrations of S. 
fredericksi provided by Pavlova et al. (1991, p. 134, pl. 31, figs 7a-7b.) from the same 
area of Hovsugol in southeastern Mongolia. The specimens described as S. fredericksi 
by Shi and Waterhouse (1996, p. 146, pl. 28, figs 13-21) from the Sakmarian of the 
northern Yukon Territory, Canada are considered to be immature representative of S. 
fredericksi. 
One of the closest species to the present species is Spirelytha miloradovichi 
Archbold and Thomas (1984, p. 318, figs 2L-Z, AA-BB, 3A-E) from the late 
Artinskian to Kungurian of Western Australia, but the latter differs in possessing a 
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higher ventral interarea and more pronounced sulcus and fold. S. stepanoviana 
Archbold and Thomas (1984, p. 320, figs 4F-R) also from the Kungurian of Western 
Australia differs from S. fredericksi by its smaller shell size and a parasculcate margin. 
S. petaliformis (Pavlova in Grunt and Dmitriev, 1973, p. 136, pl. 10, figs 2-5) from 
the Sakmarian of the Pamirs is recognized to be a larger species with a more pointed, 
posterior ventral outline. 
 
Occurrence.— HV-5; Hovsugol section, Kungurian. 
 
Order SPIRIFERINIDA Ivanova, 1972 
Suborder SPIRIFERINIDINA Ivanova, 1972 
Superfamily SYRINGOTHYRIDOIDEA Fredericks, 1926 
Family SYRINGOTHYRIDIDAE Fredericks, 1926 
Subfamily PERMASYRINXINAE Waterhouse, 1986b 
Genus Primorewia Licharew and Kotljar, 1978 
 
Type species.— Primorewia reshetnikov Licharew and Kotljar, 1978, p. 72, pl. 11, 
figs 3-5 from the Lower to Middle Permian of southern Primoria, Russian Far East. 
 
Primorewia Licharew and Kotljar, 1978, p. 71. 
Primorewia Pavlova et al., 1991, p. 133. 
Primorewia Afanasjeva et al., p. 151. 
Primorewia Carter, 2006, p. 1900. 
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Diagnosis.— Shell size large, very transverse, moderately biconvex; 
transversely or widely triangular to subtriangular in outline; cardinal extremities alate; 
hinge line marked as the greatest width; umbonal region very narrow and short; 
ventral interarea moderately high, wide and weakly concave; delthyrium wide; sulcus 
smooth; fold with median furrow; lateral slopes with some wide, simple and rounded 
plicae; anterior commissure uniplicate; ventral valve interior with moderate apical 
callus, moderately long, diverging dental adminicula, delthyrial plate and short, stout 
median ridge in apical portion of ventral muscle field. 
 
Discussion.— Primorewia was named by Licharew and Kotljar in 1978 and P. 
reshetnikov from the Permian of southern Primoria, Russian Far East, was nominated 
as the type species. In the same publication, Licharew and Kotljar (1978, p. 72) 
briefly mentioned the differences between Primorewia and other close genera such as 
Cyrtella Fredericks, 1924b and Pseudosyrinx Weller, 1914. The description and 
discussion of the current genus was reinforced by Pavlova et al. (1991, p. 133) based 
on materials from south Mongolia. Although Licharew and Kotljar (1978) claimed 
that two more species, Syringothyria nagmargensis and Pseudosyrinx kolymensis, 
should be assigned to Primorewia, they have not been described by later researchers 
as Primorewia. Thus the only species confirmed to be Primorewia is the type species, 
P. reshetnikov. 
 
Primorewia reshetnikov Licharew and Kotljar, 1978 
Plate 66, Figures 5-17; Plate 67, Figures 1-3 
1978  Primorewia reshetnikov Licharew and Kotljar, p. 72, pl. 11, figs 3-5. 
321  
1991  Primorewia reshetnikovi Licharew and Kotljar; Pavlova et al., p. 133, pl. 31, 
figs 1-3. 
2003  Primorewia reshetnikov Licharew and Kotljar; Afanasjeva et al., p. 151, pl. 60, 
figs 1-3. 
 
Materials.— Twenty-six specimens. Registered specimens: two ventral valves 
(NIGP Pre. 01-02); seven dorsal valves (NIGP Pre. 03-09) and one external mould of 
a dorsal valve (NIGP Pre. 10). 
 
Description.— Large shell size, strongly transverse, average length about 25 
mm and width about 59 mm, obviously wider than long, width 2-2.5 times length; 
transversely triangular in outline, the widest part along hinge line; biconvex shell with 
ventral valve slightly more convex than dorsal valve or nearly equal convexity in 
lateral view; cardinal extremities triangular in shape, tip narrowly rounded; anterior 
commissure weakly uniplicate; sulcus and fold moderately developed; surface with 
simple and low plicae. 
Ventral valve weakly to moderately convex in lateral profile, most convex 
around umbo; beak small and incurved; interarea moderately high, wide and slightly 
concave; delthyrium wide and triangular in shape; umbonal region moderately 
inflated with short and slightly concave umbonal slopes; lateral slopes long and gently 
sloping; median sulcus moderately deep, well defined, originating from beak, shallow 
and narrow, gradually widening to anterior margin, but not very wide when compared 
to shell width; surface with simple, low and rounded plicae, 10-13 plicae on each side 
of median sulcus; interspaces between plicae shallow and narrow with rounded floor; 
weak concentric growth lines observed. 
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Dorsal valve also strongly transverse; lateral profile low in convexity; 
maximum convexity along fold close to umbo; umbo low and moderately inflated; 
beak very small and short; umbonal slopes short and gently inclined; dorsal fold 
beginning at beak, low and narrow, gradually widening and rising to anterior margin 
with weak median furrow; surface ornamentation similar to ventral valve. 
Ventral valve interior with moderate apical callus; relatively strong dental 
plates and diverging dental adminicula; dorsal valve interior with strong sockets. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Pre. 01 
NIGP Pre. 02 
NIGP Pre. 03 
NIGP Pre. 04 
NIGP Pre. 05 
NIGP Pre. 06 
NIGP Pre. 07 
NIGP Pre. 08 
NIGP Pre. 09 
NIGP Pre. 10 
36.19 
16.48 
31.31 
28.90 
17.71 
27.91 
22.20 
15.99 
28.89 
19.45 
70.17 
- 
78.84 
58.86 
55.58 
49.84 
49.72 
39.59 
69.48 
51.33 
 
Discussion.— The specimens described under Primorewia reshetnikov are 
mostly broken and the surface of many of them is somewhat worn, however the 
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general outline and surface ornamentation clearly agrees with those described by 
Licharew and Kotljar (1978) and Pavlova et al. (1991). This species is the only 
confirmed species of the genus Primorewia, and the internal structures are not well 
revealed, further investigations are needed to clarify them further. 
 
Occurrence.— HV-5, 6, 7, 9, 13, 14; Hovsugol section, Kungurian. 
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CHAPTER 8: SYSTEMATIC DESCRIPTION OF BRACHIOPOD 
FAUNA FROM THE DZHIREM-ULA SECTION 
 
The supra-generic classification used in this thesis, largely follows the Second 
Edition of the Treatise of Invertebrate Paleontology, Part H, Brachiopoda, Revised 
(Kaesler, 2000; 2002; 2006; Selden, 2007). All the specimens described herein are 
housed in the Nanjing Institute of Geology and Palaeontology (NIGP) with a 
registration number prefixed by NIGP. 
 
Order PRODUCTIDA Sarytcheva and Sokolskaja, 1959 
Suborder CHONETIDINA Muir-Wood, 1955 
Superfamily CHONETOIDEA Bronn, 1862 
Family RUGOSOCHONETIDAE Muir-Wood, 1962 
Subfamily DELEPINEINAE Muir-Wood, 1962 
Genus Mongolochonetes Afanasjeva, 1991 
 
Type species.— Mongolochonetes inaequalis Afanasjeva, 1991, p. 99, pl. 22, figs 6-7 
from the upper Tsagan-Ula Horizon (about the Wordian age) of Dzhirem-Ula 
Mountain in southern Mongolia. 
 
Mongolochonetes Afanasjeva, 1991, p. 98. 
Mongolochonetes Afanasjeva; Racheboeuf, 2000, p. 411. 
Mongolochonetes Afanasjeva, 2003, p. 107. 
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Discussion.—Mongolochonetes is a relatively large chonetiform genus with 
wide-hinged and costellate shells. It is characterised by acute cardinal extremities, a 
weakly convex ventral sulcus and a weakly concave dorsal valve. Ventral sulcus and 
dorsal fold are variably developed. Spines are extended outward at 30-35ºalong the 
hinge line. The ventral valve interior has a thin middle septum, extending forward to 
one third of shell length, and the muscular field is marked by fan-shaped imprints. 
The dorsal middle septum is not connected to the cardinal process, and it extends to 
the midlength. 
This genus was proposed by Afanasjeva in 1991 from southern Mongolia and 
was placed in the subfamily Delepineinae Muir-Wood, 1962, as it has a medium to 
large shell and its dorsal middle septum does not contact with the base of the cardinal 
process. One of the most similar genera is Megachonetes Sokolskaya (1950, p. 42); 
however, Mongolochonetes differs from Megachonetes by its smaller shell size, 
slightly concavoconvex longitudinal profile, and development of ventral sulcus, 
dorsal fold, and lower-angled hinge spines. 
 
Mongolochonetes inaequalis Afanasjeva, 1991 
Plate 68, Figures 1-19; Plate 69, Figures 1-6 
 
1991  Mongolochonetes inaequalis Afanasjeva, p. 99, pl. 22, figs 6-7. 
2003  Mongolochonetes inaequalis Afanasjeva, p. 107, pl. 39, figs 9-10. 
 
Materials.—Fifty-eight specimens, most of them are internal moulds of 
ventral and dorsal valves. Registered specimens: one conjoined shell (NIGP (Moi 01)); 
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eleven ventral valves (NIGP (Moi 02-12)) and eight external moulds of dorsal valves 
(NIGP (Moi 13-20)). 
 
Description.—Medium to large size for genus, average length around 10 mm, 
average width around 15 mm with one conjoined shell measured 5.19 mm in 
thickness; semicircular to slightly subrectangular in outline, wider than long, widest at 
hinge; ears small and pointed, angular in general outline, forming a cardinal angle of 
80˚─90˚; lateral flanks rounded, anterior margin broadly rounded; anterior 
commissure faintly to weakly folded toward dorsal valve. 
Ventral valve weakly to moderately convex in lateral profile; anterior profile 
broadly to moderately convex; flanks gently to moderately sloping; umbonal region 
and beak small; ventral interarea low and narrow; sulcus weakly developed, 
originating from umbo and extending broadly to anterior margin, still shallow and 
wide; surface with fine costellae, increasing anteriously by intercalation and 
bifurcation; spines and spine bases observed along hinge line, arising at angle of 30-
35, pointing laterally, five to six on each side. 
Dorsal valve weakly concave in lateral profile, maximum concavity around 
midvalve or slightly posterior; dorsal fold originating from posterior near beak, 
narrow and low, slightly widening toward anterior margin; surface costellae fine and 
fifteen to sixteen in 5 mm at anterior part of shell, increasing anteriously by 
intercalation and bifurcation. 
Ventral valve interior with thin median septum, extending forward to one third 
of shell length; muscle scars oval in shape, distributing on both sides of the median 
septum; inner surface finely papillose; dorsal valve interior with small cardinal 
327  
process and socket ridges; cardinal process not supported by median septum; median 
septum generally extending to the midlength of shell; inner surface strongly papillose. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Moi 01) 
NIGP(Moi 02) 
NIGP(Moi 03) 
NIGP(Moi 04) 
NIGP(Moi 05) 
NIGP(Moi 06) 
NIGP(Moi 07) 
NIGP(Moi 08) 
NIGP(Moi 09) 
NIGP(Moi 10) 
NIGP(Moi 11) 
NIGP(Moi 12) 
NIGP(Moi 13) 
NIGP(Moi 14) 
NIGP(Moi 15) 
NIGP(Moi 16) 
NIGP(Moi 17) 
NIGP(Moi 18) 
13.08 
12.14 
14.24 
10.17 
8.77 
12.79 
8.28 
13.50 
13.51 
7.88 
8.33 
9.18 
11.67 
7.73 
10.03 
7.80 
7.52 
7.61 
16.94 
17.97 
16.01 
16.07 
13.18 
15.74 
12.59 
18.58 
19.46 
13.85 
11.24 
14.48 
17.84 
14.37 
16.12 
13.23 
12.78 
14.94 
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NIGP(Moi 19) 
NIGP(Moi 20) 
7.39 
8.53 
12.56 
18.29 
 
Discussion.—The present species is characterised by its semicircular to 
subrectangular outline, maximum width at hingeline, and a weakly developed ventral 
sulcus and dorsal fold. Mongolochonetes inaequalis was first reported from the 
Tsagan-Ula Horizon (Roadian to Wordian) of the Dzhirem-Ula section of southern 
Mongolia by Afanasjeva (1991). The specimens described above are from the same 
horizon, but the shell size is a little smaller compared with Afanasjeva‘s illustrations 
(Afanasjeva, 1991, p. 99, pl. 22, figs 6-7; 2003, p. 107, pl. 39, figs 9-10). All the other 
features agree well with these described by Afanasjeva. 
 
Occurrence.—JL-E 5; Dzhirem-Ula section, Roadian to Wordian. 
 
Mongolochonetes sp. 
Plate 69, Figures 7-14 
 
Materials.— Fifteen specimens. Registered specimens: one conjoined shell 
(NIGP (Mos 01)); two ventral valves (NIGP (Mos 02-03)), two dorsal valves (NIGP 
(Mos 04-05)) and two external moulds of dorsal valves (NIGP (Mos 06-07)). 
 
Description.—shell small for genus, length averaged around 6 mm, width 
averaged at about 10 mm with one conjoined shell measured 3.27 mm in thickness; 
semicircular to subrectangular in outline, wider than long, widest at hinge; ears small, 
angular in general outline, forming a cardinal angle of 80˚ to 90˚; lateral flanks 
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weakly rounded, anterior margin broadly rounded; anterior commissure faintly folded 
toward dorsal valve. 
Ventral valve weakly convex in lateral profile; anterior profile broadly convex; 
flanks gently sloping; umbonal region and beak very small; ventral interarea low and 
very narrow; sulcus weakly developed, shallow and wide, originating from umbo and 
extending broadly to anterior margin; surface with fine costellae, about fourteen to 
sixteen in 5 mm at anterior part of shell, increasing anteriously by intercalation and 
bification; spine bases partly observed along the hinge line. 
Dorsal valve weakly concave in lateral profile, maximum concavity around 
midvalve or slightly posterior; dorsal fold originating from umbonal region, narrow 
and low, slightly widening toward anterior margin; surface costellae fine and fifteen 
to seventeen in 5 mm close to anterior part of shell, similar to those of ventral valve. 
Ventral valve interior with thin median septum, extending forward to one third 
of shell length; muscle area small; inner surface finely papillose; dorsal valve interior 
with small cardinal process and socket ridges, cardinal process not supported by 
median septum; inner surface strongly papillose. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Mos 01) 
NIGP(Mos 02) 
NIGP(Mos 03) 
NIGP(Mos 04) 
8.72 
7.01 
4.67 
5.48 
11.73 
11.16 
8.78 
12.28 
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NIGP(Mos 05) 
NIGP(Mos 06) 
NIGP(Mos 07) 
5.59 
6.47 
4.45 
9.75 
10.40 
8.06 
 
Discussion.—All specimens of this species are characterised by their small 
shell size, subrectangular outline, maximum width at hingeline, and very weakly 
developed ventral sulcus and dorsal fold. The average shell size of Mongolochonetes 
sp. is about two thirds of M. inaequalis described above. Except for the much smaller 
shell size, other features of the current species are very close to M. inaequalis. 
Therefore, at this study, these smaller specimens of Mongolochonetes are separated 
from M. inaequalis as M. sp. 
 
Occurrence.—JL-E 5; Dzhirem-Ula section, Roadian to Wordian. 
 
Suborder PRODUCTIDINA Waagen, 1883 
Superfamily PRODUCTOIDEA Gray, 1840 
Family PRODUCTELLIDAE Schuchert, 1929 
Subfamily PRODUCTININAE Muir-Wood and Cooper, 1960 
Tribe PARAMARGINIFERINI Lazarev, 1986 
Genus Paramarginifera Fredericks, 1916 
 
Type species.—Marginifera clarkei Tschernyschew, 1902, p. 328, 651, pl. 47, figs 6-7; 
pl. 58, figs 1-3 from the Lower Permian (Schwagerina Limestone) of Kasarmensky 
Kamen on the Sim River, Ural Mountains, Russia.  
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Paramarginifera Fredericks, 1916, p. 61, 64. 
Paramarginifera Fredericks; Muir-Wood and Cooper, 1960, p. 214. 
Paramarginifera Fredericks; Brunton et al., 2000, p. 429. 
 
Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
 
Paramarginifera peregrina Fredericks, 1924a 
Plate 69, Figures 15-19; Plate 70, Figures 1-22; Plate 71, Figures 1-24; Plate 72, 
Figures 1-14 
 
1924a  Paramarginifera peregrina Fredericks, p. 24, pl. 1, figs 7-8. 
1925  Paramarginifera peregrina Fredericks, p. 12, pl. 1, figs 41-44. 
1959  Marginifera peregrina (Fredericks); Kaschirzev, p. 47, pl. 19, figs 4-7. 
1976  Dictyoproductus zesiensis Lee and Gu, p. 256, pl. 167, figs 5, 6; pl. 170, figs 1a, 
b. 
1978  Probolionia caucasica peregrina (Fredericks); Licharew and Kotljar, p.97, pl. 
12, figs 13-14. 
1980  Paramarginifera? peregrina Fredericks; Lee, Gu and Su, p. 356, pl. 166, figs 
18, 28. 
1985  Paramarginifera? peregrina Fredericks; Duan and Li, p. 112, pl. 42, figs 1-7. 
2002  Paramarginifera peregrina Fredericks; Liao and Wan, p. 52, fig. 2.7. 
2003  Lamnimargus peregrinus (Fredericks); Wang and Zhang, p. 73, pl. 14, figs 3, 8-
9; pl. 15, fig. 11; pl. 21, figs 14-16, 22-24. 
2008a  Lamnimargus peregrinus (Fredericks); Tazawa, p. 25, figs 4.2a-4.4. 
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2008c  Lamnimargus peregrinus (Fredericks); Tazawa, p. 7, figs 3A-3T. 
 
Materials.—Eighty-five specimens. Registered specimens: one conjoined shell 
(NIGP (Pap 01)); fifteen ventral valves (NIGP (Pap 02-16)) and four external moulds 
of dorsal valves (NIGP (Pap 17-20)). 
 
Description.—Shell medium in size for genus, with the average length around 
23 mm, average width around 31 mm; transversely trapezoidal to broadly 
subpentagonal in outline; concavo-convex in profile with distinct geniculation; wider 
than long, greatest width at hinge line; lateral sides gently to moderately sloping; 
anterior margin broadly rounded; anterior commissure slightly folded medially toward 
dorsal valve; surface strongly costate with concentric rugae; spines few and prominent, 
restricted to ventral valve. 
Ventral valve strongly convex in lateral profile, anterior profile moderately to 
strongly convex; visceral disk gently convex; beak small and strongly incurved, 
slightly overhanging hinge line; umbo small, pointed and incurved; umbonal region 
convex with the umbonal angle around 90º; umbonal slopes low and steep; lateral 
slopes gently to strongly inclined; ears moderately large and weakly convoluted, well 
demarcated from visceral disk, triangular in shape, cardinal angle 80°─85°; 
geniculation strong, beginning at about one third of shell length from beak, with two 
long and broad trails, trails weakly convex; sulcus originating at umbonal region, 
narrow and shallow, getting wider and slightly deeper anteriorly on trail; external 
surface of ventral valve ornamented with numerous costae and concentric rugae on 
both visceral disk and ears, but costae only on trail; costae numbering six to seven in 
5 mm at midlength, prominently intercalated on trail; spines generally sparse, six 
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large spines nearly symmetrically placed on each side of median sulcus, ear and flank, 
about 2 mm each in diameter; other smaller spines scattered on trail and flanks, less 
than 1 mm in diameter. 
Dorsal valve moderately concave in lateral profile, corpus cavity moderately 
deep; gradually to strongly geniculated around midvalve; trail long, slightly concave; 
median fold variably developed on trail, low and indistinct to rather prominent; 
surface ornament of dorsal valve similar to that of ventral valve, but with slightly 
finer costae and prominent rugae, costae becoming coarser toward anterior slope, five 
to seven in 5 mm near geniculation; reticulation prominent on visceral part; no spines 
observed on dorsal valve. 
Ventral interior with flabellate and longitudinally striated diductor scars; 
adductor scars not well preserved; very faint marginal ridge on anterolateral margins 
of visceral disk; dorsal valve interior with diaphragm like marginal ridge. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP (Pap 01) 
NIGP (Pap 02) 
NIGP (Pap 03) 
NIGP (Pap 04) 
NIGP (Pap 05) 
NIGP (Pap 06) 
NIGP (Pap 07) 
19.19 
27.60 
21.06 
22.27 
15.69 
24.25 
24.98 
26.76 
35.57 
33.05 
29.37 
26.34 
26.87 
30.20 
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NIGP (Pap 08) 
NIGP (Pap 09) 
NIGP (Pap 10) 
NIGP (Pap 11) 
NIGP (Pap 12) 
NIGP (Pap 13) 
NIGP (Pap 14) 
NIGP (Pap 15) 
NIGP (Pap 16) 
NIGP (Pap 17) 
NIGP (Pap 18) 
NIGP (Pap 19) 
NIGP (Pap 20) 
19.00 
22.39 
20.19 
25.48 
26.53 
20.74 
25.55 
35.55 
32.62 
20.12 
22.95 
19.17 
19.77 
27.76 
30.95 
26.33 
33.18 
29.99 
37.36 
38.55 
36.87 
34.52 
28.67 
32.40 
25.22 
28.44 
 
Discussion.—This species was originally described by Fredericks (1924a, p. 
24) from the Middle Permian Chandalaz Formation (about Wordian to Capitanian in 
age) of the Vladivostok area, South Primorye of Russian Far East. Then, as listed in 
synonymy, it has been reported maily from Middle to Upper Permian of Inner 
Mongolia of North China, Heilongjiang Province of Northeast China, South Primorye 
of Russian Far East, southern Mongolia and northeast Japan (Ofunato and 
Takakurayama in the South Kitakami Belt). The Mongolian specimens are assigned to 
Paramarginifera peregrina Fredericks (1924a) on account of their shell size, general 
outline and moderately strong reticulate ornament on the ventral valve. 
When proposing the genus Lamnimargus, Waterhouse (1975, p. 10) defined it 
as a transverse shell with large ears forming a wide hinge line, spines in row near 
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hinge and on flanks. These features are not very typical of Paramarginifera peregrina 
Fredericks (1924a; 1925), therefore, in this thesis, P. peregrina is treated as a species 
of Paramarginifera rather than Lamnimargus, and the specimens described by Wang 
and Zhang (2003) and Tazawa (2008a; 2008c) as L. peregrinus are also treated as 
synonymy of P. peregrina. 
Paramarginifera japonica Tazawa (1975, p. 636, pl. 2, figs 3-6; pl. 3, figs 1-4) 
from the Upper Permian (Changhsingian) of the Nabekoshiyama area, South 
Kitakami Belt, northeast Japan, differs from the current species by its smaller shell 
size, finer reticulate ornament on the visceral disks of both valves. P. peregrina has 
slightly stronger rugae over the visceral disk and the ears when compared to P. nativa 
described from the Hovsugol Section in the previous chapter. 
 
Occurrence.— JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian.  
 
Paramarginifera sp. 
Plate 72, Figure 15-22 
 
Materials.—Four specimens. Registered specimens: two ventral valves (NIGP 
(Pas 01-02)) and one external mould of dorsal valve (NIGP (Pas 03)). 
 
Description.—Shell large in size for genus, wider than long, with average 
length at around 37 mm, average width around 44 mm; subpentagonal in outline; 
concavo-convex with gradual geniculation; hinge line marking the widest part of the 
shell; lateral sides steep and somewhat rounded; anterior margin broadly rounded; 
anterior commissure weakly to moderately folded medially toward dorsal valve; 
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surface costate with weak concentric rugae on visceral disk and ears; spines few, only 
on ventral valve. 
Ventral valve moderately to strongly convex in lateral profile, anterior profile 
gently convex; visceral disk relatively small; beak and umbo strongly incurved, 
slightly overhanging hinge line; umbonal region strongly convex; umbonal slopes 
short, steep and slightly concave; lateral slopes extremely steep; ears small compared 
with shell size, demarcated from visceral disk by steep slopes; cardinal extremities 
nearly squared; geniculation gradually beginning at about one third of shell length 
from posterior, with broad and low convexity; trail long and medianly sulcate; median 
sulcus originating slightly anterior to umbonal region, narrow and shallow, getting 
wider and moderately deeper anteriorly; external costae fine; rugae weakly developed 
on visceral disk and ears, completely absent on anterior part; spines few, six larger 
spine bases observed, roughly symmetrically arranged on trail, flanks and ears, a few 
additional small spines scattered on trail and flanks. 
Dorsal valve moderately concave in lateral profile; geniculation beginning a 
little posterior to midvalve; trail slightly concave; median fold low and broad; surface 
ornamentation similar to that of ventral valve, but with very weak reticulation on 
visceral disk; lacking spines on dorsal valve. 
Interiors not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
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NIGP(Pas 01) 
NIGP(Pas 02) 
NIGP(Pas 03) 
34.51 
47.57 
27.85 
42.26 
49.25 
40.11 
 
Discussion.—These specimens are characterised by their large shell size, 
subpentagonal outline, small ears, gradual geniculation with shallow and moderately 
developed sulcus. This species differs from Paramarginifera peregrina described 
above by its much larger shell size and gradual geniculation. It can be readily 
distinguished from P. sulcata n. sp. described in the previous chapter by its larger 
shell size, shallower and wider median sulcus. 
 
Occurrence.— JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian.  
 
Subfamily OVERTONIINAE Muir-Wood and Cooper, 1960 
Tribe COSTISPINIFERINI Muir-Wood and Cooper, 1960 
Genus Echinauris Muir-Wood and Cooper, 1960 
 
Type species.— Echinauris lateralis Muir-Wood and Cooper, 1960, p. 222, pl. 68, 
figs 1-13 from the Word Formation (Middle Permian), limestone number 3, Glass 
Mountains, Texas in USA. 
 
Echinauris Muir-Wood and Cooper, 1960, p. 221. 
Echinauris Muir-Wood and Cooper; Grant, 1968, p. 26. 
Echinauris Muir-Wood and Cooper; Waterhouse and Piyasin, 1970, p. 130. 
Echinauris Muir-Wood and Cooper; Cooper and Grant, 1975, p. 1000. 
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Echinauris Muir-Wood and Cooper; Grant, 1976, p. 122. 
Echinauris Muir-Wood and Cooper; Zhang and Jin, 1976, p. 172. 
Echinauris Muir-Wood and Cooper; Hoover, 1981, p. 62. 
Echinauris Muir-Wood and Cooper; Liang, 1990, p. 181. 
Echinauris Muir-Wood and Cooper; Brunton et al., 2000, p. 436. 
 
Discussion.—Echinauris was named by Muir-Wood and Cooper in 1960 with 
main diagnostic features including: small to medium concavo-convex shells; 
subcircular outline; short curving trails on both valves; smooth external surface, but 
having numerous spines on both valves, spinose on visceral disk and trail, straight 
spines projecting laterally from flanks, suberect spines elsewhere; small and well 
differentiated ears; nondendritic adductors in both valves; trilobed cardinal process 
and prominent endospines in dorsal valve. Based on the well preserved specimens of 
West Texas, Cooper and Grant (1975, p. 1000) made more detailed description, 
comparison, discussion, growth and stratigraphy of this genus. 
Echinauris differs from Marginifera Waagen (1884) mainly by its smaller 
shell size, absence of ventral sulcus, more numerous ventral spines and slight or no 
geniculation. Echinauris also resembles Avonia Thomas (1914) in outline, but the 
later can be recognised by its anterior costation, prominent growth lamellae and less 
spines. Costispinifera Muir-Wood and Cooper (1960) is easily distinguished from 
current genus by its prominent costation and strongly wrinkled visceral region. 
The genus has been reported from Early Permian (Cisuralian) to Late Permian 
(Lopingian) of West Texas (Muir-Wood and Cooper, 1960; Cooper and Grant, 1975), 
Guatemala (Stehli and Grant, 1970), Pakistan (Grant, 1968), South Primorye of 
Russian Far East (Licharew and Kotljar, 1978), Mongolia (Manankov, 1998a; 1999), 
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Japan (Yanagida and Hirata, 1969), China (Chao, 1927; Zhang and Jin, 1976; Duan 
and Li, 1985; Liang, 1990; Shi et al., 2002a; Shen et al., 2000; 2003; Shen and Zhang, 
2008), Nepal (Waterhouse, 1978), Thailand (Waterhouse and Piyasin, 1970; Grant, 
1976), Malaysia (Yanagida and Aw, 1979; Sone et al., 2001), Timor (Broili, 1916) 
and Venezuela (Hoover, 1981). 
 
Echinauris jisuensis (Chao, 1927) 
Plate 72, Figures 23-24; Plate 73, Figures 1-10 
 
1927  Marginifera jisuensis Chao, p. 149, pl. 15, figs 15-24. 
1931  Marginifera jisuensis Chao; Grabau, p. 303, pl. 29, figs 15-24; pl. 30, figs 15-
19. 
1932  Spinomarginifera cf. jisuensis (Chao); Huang, p. 64, pl. 5, figs 20-21. 
1964  Spinomarginifera jisuensis (Chao); Wang, Jin and Fang, p. 315, pl. 49, figs 17-
20. 
1985  Echinauris jisuensis (Chao); Duan and Li, p. 112, pl. 35, figs 7-13. 
1998a  Echinauris jisuensis (Chao); Manankov, pl. 8, figs 10-14. 
 
Materials.—Eleven specimens. Registered specimens: five ventral valves 
(NIGP (Ecj 01-05)). 
 
Description.—Shell small in size, on average 14 mm long and 16 mm wide; 
subcircular to elongated-ovate in outline, slightly wider than long, widest at midvalve 
or slightly anterior; ears small; lateral flanks rounded, anterior margin broadly 
rounded; anterior commissure straight; spines numerous. 
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Ventral valve strongly convex in lateral profile; anterior profile moderately to 
strongly convex; flanks moderately sloping; umbonal region and beak small; umbonal 
slopes short and steep, slightly concave; ventral interarea low and narrow; hinge line 
straight; ears small and well demarcated from visceral disk and flanks; no sulcus 
developed; anteriorly, the shell gradually less strongly convex; surface smooth, except 
numerous spines; spines not preserved, but spine bases visible all over the shell, five 
to six in 5 mm at midvalve; spine bases less than 1 mm in diameter. 
No dorsal valves available for this study. 
Ventral valve interior with numerous small pustules and adductor scars 
nondendritic; other features not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Ecj 01) 
NIGP(Ecj 02) 
NIGP(Ecj 03) 
NIGP(Ecj 04) 
NIGP(Ecj 05) 
15.12 
14.08 
16.93 
10.85 
11.79 
18.56 
17.13 
17.26 
12.75 
11.84 
 
Discussion.—The main features of Echinauris jisuensis include its small shell 
size, strongly convexed ventral valve, no median sulcus and the spinose 
ornamentation. Compared with the type species Echinauris lateralis Muir-Wood and 
Cooper (1960, p. 222, pl. 68, figs 1-13) from the Word Formation (Middle Permian), 
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Glass Mountains of Texas in the USA, E. jisuensis is smaller in shell size and more 
elongate in outline. E. bella (Cooper and Grant, 1975, p. 1003, pl. 326, figs 1-58; pl. 
410, figs 9-13) from the Cibolo and Road Canyon formations (Middle Permian in age) 
of West Texas is similar to E. jisuensis in shell size, but differs from the latter by its 
nearly equal length and width, wider hinge and fairly scattered spines. E. doulingensis 
(Shen and Zhang, 2008, p. 931, figs 4.8-4.12) from the Douling Formation 
(Wuchiapingian) of Hunan Province of South China is easily distinguished from E. 
jisuensis by its much larger shell size, hinge nearly equal to greatest width and more 
densely spaced spines. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Subfamily MARGINIFERINAE Stehli, 1954 
Tribe MARGINIFERINI Stehli, 1954 
Genus Marginifera Waagen, 1884 
 
Type species.— Marginifera typica Waagen, 1884, p. 717, pl. 76, figs 4-7; pl. 68, fig. 
1 from the Permian Middle (Wargal Formation) and Upper (Chhidru Formation) 
Productus Limestone of the Salt-Range, Pakistan. 
 
Marginifera gobiensis Chao, 1927 
Plate 73, Figures 11-23; Plate 74, Figures 1-19; Plate 75, Figure 1 
 
1927  Marginifera gobiensis Chao, p. 165, pl. 16, figs 30-31, 33. 
1931  Marginifera gobiensis Chao; Grabau, p. 308, pl. 30, figs 2-3, 5. 
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1936  Marginifera cf. gobiensis Chao; Grabau, p. 158, pl. 19, fig. 7. 
1964  Marginifera gobiensis Chao; Wang, Jin and Fang, p. 305, pl. 48, figs 23-25. 
1976  Marginifera gobiensis Chao; Lee and Gu, p. 248, pl. 167, fig. 9; pl. 170, fig. 19. 
1980  Marginifera gobiensis Chao; Lee, Gu and Su, p. 353, pl. 164, fig. 13; pl. 165, 
fig. 10. 
1984  Marginifera gobiensis Chao; Lee, Gu and Li, pl. 1, figs 10, 12; pl. 2, fig. 7. 
1985  Marginifera gobiensis Chao; Duan and Li, p. 110, pl. 41, figs 1-9. 
1999  Marginifera gobiensis Chao; Fan and He, pl. 13, fig. 1. 
 
Materials.—Seventeen specimens. Registered specimens: one conjoined shell 
(NIGP (Mag 01)); seven ventral valves (NIGP (Mag 02-08)) and one external mould 
of dorsal valve (NIGP (Mag 09)). 
 
Description.—Shell medium to large for genus, average length around 23 mm 
and average width around 25 mm with one conjoined shell measured 16.76 mm in 
thickness; concavo-convex shell; subovate to slightly subquadrate in outline, slightly 
wider than long, with greatest width along the hinge line; ears small and wide; lateral 
flanks subrounded, anterior margin rounded; anterior commissure weakly to 
moderately folded medially toward dorsal valve; surface weakly costate; spines only 
observed on ventral valve. 
Ventral valve strongly convex in lateral profile, greatest convexity around 
visceral disk; anterior profile moderately convex; hinge line straight, equal to greatest 
shell width; ventral interarea low and very narrow; umbo and beak strongly incurved, 
slightly projecting beyond hinge line; umbonal region small and well inflated with 
steep umbonal slopes; flanks strongly inclined and steep sloping; strongly geniculated 
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around anterior part of ventral visceral disk with relatively long trail; ears small, 
slightly convex and well demarcated from visceral disk; sulcus weakly to moderately 
developed, originating from visceral disc, narrow and shallow, becoming slightly 
wider and deeper on trail to anterior margin; surface weakly costate, costae 
numbering six to eight per 5 mm at midvalve; very weak to unperceivable rugae 
developed across visceral disk; spines scattered over ventral valve, fewer on visceral 
disk, more on each flank and trail, two to three rows of spines on each flank; spine 
bases slightly swollen. 
Dorsal valve moderately concave, anteriorly strong geniculation; median fold 
low and narrow, developed on trail to anterior margin; external ornament of dorsal 
valve similar to that of ventral valve, but without spines; corresponding to the spines 
on ventral surface, some small irregular dimples scattered across dorsal surface. 
Ventral valve interior with some obscure muscle impressions observed; 
median septum, low, thin, long and extending to geniculation area; other features not 
observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Mag 01) 
NIGP(Mag 02) 
NIGP(Mag 03) 
NIGP(Mag 04) 
NIGP(Mag 05) 
22.43 
24.81 
24.45 
25.27 
24.00 
22.56 
24.93 
25.10 
25.83 
29.38 
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NIGP(Mag 06) 
NIGP(Mag 07) 
NIGP(Mag 08) 
NIGP(Mag 09) 
25.02 
22.15 
22.92 
19.45 
26.74 
23.38 
25.40 
22.01 
 
Discussion.—The specimens described here are comparable with those figured 
by Chao (1927, p. 165, pl. 16, figs 30-31, 33), Grabau (1931, p. 308, pl. 30, figs 2-3, 5) 
and Duan and Li (1985, p. 110, pl. 41, figs 1-9), all from the Middle Permian 
(Guadalupian) of the Zhesi Section (Jisu Honguer) in Inner Mongolia, China. 
However, as noticed by Duan and Li (1985, p. 110), some illustrations, such as 
figures 29 and 32 of Chao‘s plate have very strong rugae on their visceral disk area, 
those two specimens are therefore excluded from the current species. Also, for the 
same reason figures 1 and 4 of Grabau‘s plate are not included in the present species. 
The type species Marginifera typica (Waagen, 1884, p. 717, pl. 76, figs 4-7; pl. 
68, fig. 1) from the Permian Wargal and Chhidru formations of the Salt-Range, 
Pakistan can be easily distinguished from M. gobiensis by its greater number of spines 
on ventral surface and the presence of marginal grooves in the dorsal valve. M. vestita 
(Reed, 1944, p. 91, pl. 20, figs 16, 16a and 16b) differs from the current species by its 
prominently coarser costae. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Marginifera leptorugosa Duan and Li, 1985 
Plate 75, Figures 2-20; Plate 76, Figures 1-2 
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1985  Marginifera leptorugosa Duan and Li, p. 111, pl. 42, figs 12-13. 
 
Materials.—Nine specimens. Registered specimens: one incompletely 
conjoined shell (NIGP (Mal 01)); three ventral valves (NIGP (Mal 02-04)) and two 
external moulds of dorsal valves (NIGP (Mal 05-06)). 
 
Description.—Medium to large shell, average length around 20 mm and 
average width around 25 mm with one incomplete conjoined shell measured 13.75 
mm in thickness; concavo-convex shell; subovate to somewhat trapezoidal in outline; 
wider than long, with greatest width along hinge line; lateral flanks broadly rounded, 
anterior margin rounded; anterior commissure weakly folded medially toward dorsal 
valve; surface moderately costate; spines only observed on ventral valve. 
Ventral valve strongly convex in lateral profile, anterior profile moderately 
domed; hinge line straight, equal to greatest shell width; umbo and beak strongly 
incurved; umbonal region small and strongly inflated with short and steep umbonal 
slopes; flanks strongly inclined and steep sloping; gradually geniculating from 
anterior part of ventral visceral disk, trail moderately long; ears moderately large, 
slightly convex and well demarcated from visceral disk; sulcus weakly developed, 
originating from umbonal region, noticeable only on trail to anterior margin, but still 
shallow; surface moderately costate, costae numbering five to six per 5 mm at 
midvalve, increasing mainly by bification to anterior margin; very weak to 
unperceivable rugae on visceral disk; larger spines scattered over ventral valve with 
diameter 1.6 mm, and a few slightly larger spines, about 1.0 mm in diameter, on ears, 
flanks and trail; spine bases slightly swollen. 
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Dorsal valve moderately to strongly concave, anteriorly strong geniculated; 
median fold weakly developed, low and narrow; external ornament of dorsal valve 
similar to that of ventral valve, but without spines. 
Ventral valve interior with some obscure muscle impressions observed; dorsal 
valve interior with low median septum observed, extending close to geniculation. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Mal 01) 
NIGP(Mal 02) 
NIGP(Mal 03) 
NIGP(Mal 04) 
NIGP(Mal 05) 
NIGP(Mal 06) 
19.47 
22.67 
19.63 
22.05 
15.74 
19.27 
22.02 
26.97 
26.32 
24.26 
23.20 
25.28 
 
Discussion.—This species was originally proposed by Duan and Li (1985) 
from the Zhesi Formation (about Wordian in age) of Zhesi Section in Inner Mongolia, 
China. It is characterised by its relatively large ears, weak ventral sulcus, coarse 
costae, faint rugae and relatively large spines. Marginifera leptorugosa differs from M. 
gobiensis described above by its larger ears, weaker ventral sulcus and coarser costae. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
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Tribe PAUCISPINIFERINI Muir-Wood and Cooper, 1960 
Genus Anemonaria Cooper and Grant, 1969 
 
Type species.— Anemonaria inflata Cooper and Grant, 1969, p. 8, pl. 5, figs 28-29 
from the Cathedral Mountain Formation (about Kungurian to Roadian in age) of Glass 
Mountains, USA (=Marginifera sublaevis King, 1931, p. 89, pl. 23, figs 15a-c; not 
figs 13, 14, 17). 
 
Anemonaria Cooper and Grant, 1969, p. 8. 
Anemonaria Cooper and Grant, 1975, p. 1102. 
Anemonaria Cooper and Grant; Sarytcheva, 1977, p. 120. 
Anemonaria Cooper and Grant; Hoover, 1981, p. 67. 
Anemonaria Cooper and Grant; Kalashnikov, 1983, p. 214. 
Anemonaria Cooper and Grant; Kalashnikov, 1993, p. 47. 
Anemonaria Cooper and Grant; Shi and Waterhouse, 1996, p. 68. 
Anemonaria Cooper and Grant; Briggs, 1998, p. 141. 
Anemonaria Cooper and Grant; Brunton et al., 2000, p. 444. 
Anemonaria Cooper and Grant; Afanasjeva et al., 2003, p. 119. 
Anemonaria Cooper and Grant; Grunt and Afanasjeva, 2006, p. 137. 
 
Discussion.—The diagnostic features of Anemonaria Cooper and Grant (1969) 
are: shell small to moderately large, outline subrectangular with widest part at hinge 
line; ears extended; profile deeply concavo-convex; sulcus variably developed; 
surface nearly smooth except for indistinct ribs on trail; spines few, in row on each 
flank, scattered individual spines on trail and visceral disk; ventral valve interior with 
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small ear baffles; dorsal valve interior with small sessile cardinal process and 
zygidium. 
Externally, a number of genera in the Marginiferidae have similarities to 
Anemonaria, but the latter idiffers in possessing a zygidium. Azygidium defined by 
Waterhouse (1983a) based on Australia Anemonaria like species differs from 
Anemonaria by its longer trail and no zygidium. Liosotella (Cooper, 1953) is 
distinguished from Anemonaria by its less transverse outline and prossessing coarse 
costae on the trail. Kozlowskia Fredericks (1933) also has zygidium in the dorsal 
valve and nearly uncostate appearance externally, but it differs from Anemonaria by 
its different arrangement of spines, having the marginal ridge and conspicuous 
internal trails within the dorsal valve. 
 
Anemonaria sulankherensis Manankov, 1998a 
Plate 76, Figures 3-31; Plate 77, Figures 1-26 
 
1998a  Anemonaria sulankherensis Manankov, p. 490, pl. 8, figs 6-9. 
2003  Anemonaria sulankherensis Manankov; Afanasjeva et al., p. 119, pl. 45, figs 
19-20. 
 
Materials.—Fifty-three specimens. Registered specimens: thirteen ventral 
valves (NIGP (Asu 01-13)); one dorsal valve (NIGP (Asu 14)) and two external 
moulds of dorsal valves (NIGP (Asu 15-16)). 
 
Description.—Small in size for genus, average length around 9 mm and 
average width around 11 mm; strongly concavo-convex shell in lateral profile; 
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subrectangular to subquadrate in outline, wider than long, widest at hinge line; ears 
small and distinct; lateral flanks rounded, anterior margin weakly or slightly 
emarginated medially; anterior commissure weakly folded medially toward dorsal 
valve; surface nearly smooth; spines only observed on ventral valve. 
Ventral valve strongly convex in lateral profile, surface curvature length about 
twice shell length; anterior profile highly domed; hinge line nearly straight, equal to 
greatest shell width; umbo and beak strongly incurved, slightly projecting beyond 
hinge line; umbonal region small and swollen with steep and slightly concave 
umbonal slopes; flanks strongly inclined and steep sloping; geniculation gradually 
developed from anterior part of ventral visceral disk; trail relatively long; ears small 
and slightly curved, well demarcated from visceral region; sulcus variably developed, 
from barely visible to distinct, usually shallow and broad, originating from umbo or 
slightly anterior; shell surface generally smooth, occasionally bearing some 
inconspicuous costae on trail; very weak concentric growth lines; rows of 4-5 
relatively coarse spine bases observed at the ears and flanks, spine bases about 0.8 
mm in diameter; additional, but smaller spines, less than 0.5 mm in diameter, 
randomly distributed on body and trail. 
Dorsal valve gently concave, concavity much less than the degree of ventral 
convexity; slightly geniculated anteriorly; median fold very low; external ornament of 
dorsal valve similar to that of ventral valve, but without spines; dorsal surface bearing 
small and rounded pits corresponding to the smaller spines on ventral valve. 
Ventral valve interior with distinct adductor scars in oval shape; diductor scars 
ovate; dorsal valve interior with massive cardinal process and long median septum; 
zygidium short and sessile; adductors small and tear-shaped; brachial ridges weakly 
developed; cardinal ridges prominent, parallel to hinge margin, obliquely crossing 
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ears and continuing as lateral ridges, disappearing before reaching the anterior margin; 
some endospines observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Asu 01) 
NIGP(Asu 02) 
NIGP(Asu 03) 
NIGP(Asu 04) 
NIGP(Asu 05) 
NIGP(Asu 06) 
NIGP(Asu 07) 
NIGP(Asu 08) 
NIGP(Asu 09) 
NIGP(Asu 10) 
NIGP(Asu 11) 
NIGP(Asu 12) 
NIGP(Asu 13) 
NIGP(Asu 14) 
NIGP(Asu 15) 
NIGP(Asu 16) 
9.09 
10.55 
8.65 
9.31 
7.38 
10.86 
9.87 
9.78 
9.99 
9.44 
9.40 
9.55 
10.38 
9.62 
8.23 
7.29 
11.18 
13.06 
10.11 
11.43 
9.07 
13.02 
10.92 
14.31 
11.96 
10.75 
12.45 
10.01 
10.62 
11.54 
11.35 
10.94 
 
Discussion.—This species was first named by Manankov (1998a, p. 490) from 
the Dzhirem-Ula section, where the current specimens were collected. The specimens 
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described here fully agree with Manankov‘s description and illustrations. As noticed 
by Manankov (1998a), Anemonaria sulankherensis may be easily confused with 
Echinauris jisuensis (Chao, 1927) if incomplete material is studied and compared 
with the latter. This is because that both species are present in the same section and 
they share a number of features, such as a small shell size and a mostly smooth 
external surface. However, E. jisuensis is distinguished by having spines on both 
valves, more so on ventral valve, and lacking ventral sulcus and dorsal fold. 
Anemonaria auriculata Shi and Waterhouse (1996, p. 68, pl. 6, figs 10-28; 
text-figs 22-24) from the Artinskian Jungle Creek Formation in Yukon Territory of 
Canada differs from A. sulankherensis by its deeper and broader ventral sulcus. A. 
sulankherensis has similar spine distribution pattern with A. pinegensis (Licharew, 
1931, p. 26, pl. 3, figs 24-25; redescribed by Sarytcheva, 1977, p. 123, pl. 18, figs 5-
14; Grunt and Afanasjeva, 2006, p. 137, pl. 7, figs 1-3) from the Kungurian strata in 
Kanin Peninsula, northwestern Russia, but its shell is much smaller, and its sulcus less 
prominent. Similarly, the current species is also small and its sulculs shallower if 
compared with A. pseudohorrida (Wiman, 1914, p. 74, figs 1-11) from the Kungurian 
to Kazanian upper Kapp Starostin Formation in Spitsbergen. 
 
Occurrence.—JL 2, 3; Dzhirem-Ula section, Roadian. 
 
Anemonaria sp. 
Plate 78, Figures 1-16 
 
Materials.—Nine specimens. Registered specimens: five ventral valves (NIGP 
(Ass 01-05)). 
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Description.—Shell small to medium for genus, about 12 mm long and 10 mm 
wide on average; strongly concavo-convex shell in profile; elongately subrectangular 
in outline, longer than wide, widest at hinge line; ears small; lateral flanks steeply 
rounded, anterior margin weakly emarginated medially; anterior commissure weakly 
folded medially toward dorsal valve; spines restricted to ventral valve; shell surface 
otherwise smooth. 
Ventral valve strongly convex in lateral profile, surface curvature length 
slightly less than twice of shell length; anterior profile highly domed; umbo and beak 
strongly incurved; umbonal region small and swollen with steep umbonal slopes; 
flanks strongly inclined and steep sloping; geniculation strongly developed from 
anterior part of ventral visceral disk; trail very long; ears small and well demarcated 
from visceral region; sulcus variably developed, originating from visceral disk; shell 
surface smooth except for rare and faint costae on trail; coarse spines, about 0.7 mm 
in diameter, occurring at ears and flanks; other smaller spines less than 0.5 mm in 
diameter sparse, randomly distributed on rest of shell surface. 
No dorsal valve available for the study this species. 
Ventral valve interior with distinct adductor and diductor scars; other features 
not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
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NIGP(Ass 01) 
NIGP(Ass 02) 
NIGP(Ass 03) 
NIGP(Ass 04) 
NIGP(Ass 05) 
13.34 
12.84 
11.01 
9.76 
11.01 
10.31 
10.56 
8.64 
9.71 
9.79 
 
Discussion.—The features of this species are represented by specimens having 
an elongately subrectangular outline, a strong convexity with geniculation. It differs 
from Anemonaria sulankherensis described above by its slightly bigger shell size and 
its elongate outline. Though the specimens of this species could compare externally 
with many species in the genus, but the poor preservation of the Mongolian material 
hindered further distinction. 
 
Occurrence.—JL 2; Dzhirem-Ula section, Roadian. 
 
Genus Liosotella Cooper, 1953 
 
Type species.— Liosotella rugosa Cooper, 1953, p. 37, pl. 10C, fig. 9; pl. 11C, figs. 
11-18 from the Guadalupian (Middle Permian) (Word equivalent) of Monos 
Formation, El Antimonio, western Sonora, Mexico. 
 
Liosotella Cooper, 1953, p. 36. 
Liosotella Cooper; Dunbar, 1955, p. 73. 
Liosotella Cooper; Muir-Wood and Cooper, 1960, p. 227. 
Liosotella Cooper; Gobbett, 1964, p. 62. 
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Liosotella Cooper; Wang, Jin and Fang, 1964, p. 261. 
Liosotella Cooper; Cooper and Grant, 1975, p. 1104. 
Liosotella Cooper; Lee and Gu, 1976, p. 244. 
Liosotella Cooper; Lee, Gu and Su, 1980, p. 359. 
Liosotella Cooper; Waterhouse and Gupta, 1983, p. 194. 
Liosotella Cooper; Sun, 1991, p. 233. 
Liosotella Cooper; Pavlova et al., 1991, p. 101. 
Liosotella Cooper; Shi and Waterhouse, 1996, p. 66. 
Liosotella Cooper; Brunton et al., 2000, p. 447. 
Liosotella Cooper; Afanasjeva et al., 2003, p. 119. 
 
Discussion.— The genus Liosotella was first proposed by Cooper in 1953 (p. 
36) with L. rugosa as the type species. It has since been studied and discussed by 
many authors (Dunbar, 1955; Muir-Wood and Cooper, 1960; Cooper and Grant, 1975; 
Shi and Waterhouse, 1996). Externally, the general outline of Liosotella is very 
similar to that of Marginifera Waagen, 1884; however, the two genera are easily 
distinguished by their spines, with Marginifera having much more numeous ventral 
spines while lacking halteroid spines that characterise Liosotella. Paucispinifera 
Muir-Wood and Cooper, 1960 also bears some resemblances to Liosotella, especially 
regarding to the halteroid spines, but the former is transverse in outline with large ears 
and coarse costae along ventral trail. Anemonaria Cooper and Grant, 1969 differs 
from Liosotella in its transverse outline and fine costae on the trail. Azygidium 
Waterhouse (1983a) and Hystriculina Muir-Wood and Cooper (1960) both can be 
distinguished from Liosotella in lacking zygidium in dorsal interior (Shi and 
Waterhouse, 1996, p. 67). 
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Liosotella decimana Manankov in Pavlova et al., 1991 
Plate 78, Figures 17-20; Plate 79, Figures 1-19; Plate 80, Figures 1-19; Plate 81, 
Figure 1 
 
1991  Liosotella decimana Manankov in Pavlova et al., p. 101, pl. 25, figs 1-4. 
2003  Liosotella decimana Manankov; Afanasjeva et al., p. 119, pl. 42, fig. 11; pl. 43, 
figs 15-16. 
 
Materials.—Fifty-nine specimens. Registered specimens: eleven ventral 
valves (NIGP (Lid 01-11)) and three external moulds of dorsal valves (NIGP (Lid 12-
14)). 
 
Description.—Shell large in size for genus, about 38 mm long and 36 mm 
wide on average; strongly concavo-convex in profile; elongately subrectangular in 
outline, slightly longer than wide (only a few specimens slightly wider than long), 
greatest width at hinge line; ears small and distinct compared with body size; flanks 
rounded, steeply sloping toward midvalve; anterior margin broadly rounded and 
slightly indented medially; anterior commissure weakly folded medially toward dorsal 
valve; shell surface generally weakly costate, posterior third of shell surface obscurely 
costate to nearly smooth, costae on geniculation and trail distinct; spines few and only 
on ventral valve, comprising a few halteroid spines on lateral and anterior part of the 
shell, and some other smaller spines sporadically scattered over ventral valve (mostly 
on trail). 
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Ventral valve strongly convex or arched in lateral view, anterior profile highly 
domed; hinge line nearly straight, equal to greatest shell width; umbo and beak 
strongly incurved, slightly projecting beyond hinge line; umbonal region small and 
swollen with short and steep umbonal slopes; visceral disk moderately inflated; trail 
long and moderately convex, about twice as long as visceral disk; geniculation angle 
about 90°; flanks strongly inclined and steep sloping; ears small and well demarcated 
from visceral disk, triangular in shape, pointed and gently convex with cardinal 
extremities subrectangular at nearly 90°; sulcus variably developed, from indistinct to 
distinct, usually narrow and shallow, originating from umbo or slightly anterior; shell 
surface nearly smooth at posterior part, especially over visceral disk and umbonal 
region, trail weakly to moderately costate; costae low and rounded, separated by 
nearly equal or slightly wider interspaces; spines few and distinct, one row on each 
side of umbonal slopes, three to four each side; halteroid spines distinct, two observed 
on trail, two more observed on middle section of flank closing to ears in most 
specimens; additional smaller spines sporadically scattered over trail and flanks. 
Dorsal valve gently to moderately concave, deepest around angle of 
geniculation; dorsal disk large and flatly rounded; geniculation strong; median fold 
originating at slightly anterior to dorsal umbo, low and narrow, slightly higher on trail 
with rounded crest; external ornament of dorsal valve similar to that of ventral valve, 
but without spines. 
Ventral valve interior with distinct and small adductor scars; dorsal valve 
interior with large cardinal process; median septum long and strong; lateral ridges 
strong, extending as submarginal ridge around visceral disk; ear baffles distinct; 
adductor field moderately thickened with elongate scars. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Lid 01) 
NIGP(Lid 02) 
NIGP(Lid 03) 
NIGP(Lid 04) 
NIGP(Lid 05) 
NIGP(Lid 06) 
NIGP(Lid 07) 
NIGP(Lid 08) 
NIGP(Lid 09) 
NIGP(Lid 10) 
NIGP(Lid 11) 
NIGP(Lid 12) 
NIGP(Lid 13) 
NIGP(Lid 14) 
38.10 
38.97 
48.48 
41.59 
46.75 
37.71 
39.71 
32.48 
- 
29.78 
- 
27.06 
- 
- 
37.19 
39.15 
43.39 
35.38 
45.44 
36.68 
38.70 
29.77 
37.11 
26.73 
32.20 
30.78 
34.27 
35.07 
 
Discussion.— Manankov in Pavlova et al. (1991, p. 101) first named and 
described the present species from the Tsagan-Ula Horizon in the Dzhirem-Ula 
section of southeastern Mongolia, the same locality with the specimens described here. 
The specimens here are identical or nearly the same as those illustrated by Manankov 
in Pavlova et al. (1991, p. 101, pl. 25, figs 1-4). The main features of Liosotella 
decimana are its large shell size (decimana in Latin means large), elongately 
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subrectangular outline, strong convexity, variablely developed ventral sulcus, nearly 
smooth visceral disk and weak costae on trail and anterior margin. 
The type species Liosotella rugosa (Cooper, 1953, p. 37, pl. 10C, fig. 9; pl. 
11C, figs. 11-18) from the Guadalupian (Middle Permian) (Word equivalent) of the 
Monos Formation, western Sonora in Mexico is easily distinguished from L. 
decimana by its smaller shell size and more prominent anterior costation. L. 
proboscidea (Gobbett, 1964, p. 64, pl. 3, figs 35-41) from the Middle Brachiopod 
Chert of Spitsbergen, also somewhat resembles L. decimana, but the former can be 
easily distinguished from the latter by its smaller shell size, finer costae and an 
anterior fold. L. compacta Shi and Waterhouse (1996, p. 67, pl. 5, figs 30-31; pl. 6, 
figs 1-9; text-figures 4-6, 21) from the Upper Jungle Creek Formation of northern 
Yukon Territory, Canada, has a close resemblance to the present species in having 
sparse ventral spines and general costation, but the Yukon species differs considerably 
in its much smaller size, less than half of L. decimana, and a distinct and deeper 
ventral sulcus. L. decimana is also similar to L. cooperi Coogan (1960, p. 285, pl. 27, 
figs 11-13, text-figure 17) from the Nosoni Formation of northern California in its 
shallow sulcus and weak costae, but the latter has a narrow and long shell and its ears 
are inconspicuous. 
 
Occurrence.—JL 1, 2, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Subfamily PLICATIFERINAE Muir-Wood and Cooper, 1960 
Tribe YAKOVLEVIINI Waterhouse, 1975 
Genus Yakovlevia Fredericks, 1925 
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Type species.— Chonetes (Yakovlevia) kaluzinensis Fredericks, 1925, p. 7, pl. 2, figs. 
64-66 from the upper Lower Permian of Cape Kalouzin, Ussuriland, eastern Siberia. 
 
Yakovlevia Fredericks, 1925, p. 7. 
Muirwoodia Licharew, 1947, p. 187. 
Muirwoodia Licharew; Muir-Wood and Cooper, 1960, p. 322. 
Yakovlevia Fredericks; Muir-Wood and Cooper, 1960, p. 323. 
Yakovlevia Fredericks; Kotljar, 1961, p. 459. 
Muirwoodia Licharew; Dunbar, 1955, p. 103. 
Yakovlevia Fredericks; Dunbar, 1962, p. 3. 
Muirwoodia Licharew; Gobbett, 1964, p. 111. 
Yakovlevia Fredericks; Gobbett, 1964, p. 114. 
Yakovlevia Fredericks; Barchatova, 1970, p. 135. 
Yakovlevia Fredericks; Semenova, 1972, p. 36. 
Yakovlevia Fredericks; Ifanova, 1972, p. 118. 
Yakovlevia Fredericks; Cooper and Grant, 1975, p. 1177. 
Yakovlevia Fredericks; Lee and Gu, 1976, p. 263. 
Yakovlevia Fredericks; Lee, Gu and Su, 1980, p. 382. 
Muirwoodia Licharew; Abramov and Grigorjeva, 1983, p. 92. 
Yakovlevia Fredericks; Kalashnikov, 1983, p. 210. 
Yakovlevia Fredericks; Pavlova et al., 1991, p. 106. 
Yakovlevia Fredericks; Kalashnikov, 1993, p. 59. 
Muirwoodia Licharew; Kalashnikov, 1993, p. 62. 
Yakovlevia Fredericks; Shi, 1995, p. 64.  
Yakovlevia Fredericks; Shi and Waterhouse, 1996, p. 104. 
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Yakovlevia Fredericks; Tazawa, 1999a, p. 89. 
Yakovlevia Fredericks; Brunton et al., 2000, p. 465. 
Yakovlevia Fredericks; Afanasjeva et al., 2003, p. 123. 
Yakovlevia Fredericks; Wang and Zhang, 2003, p. 74. 
Muirwoodia Licharew; Grunt and Afanasjeva, 2006, p. 150. 
 
Discussion.— Fredericks proposed Yakovlevia as a subgenus of Chonetes 
Fischer de Waldheim, 1830 and explained that the genus was somewhat related to 
Chonetes in 1925. Licharew (1947) was not satisfied with Fredericks‘s description 
and poorly preserved specimens, so instead he proposed Muirwoodia with Productus 
mammatus Keyserling (1846) as the type species, virtually with the same set of 
characteristics of Yakovlevia except that Muirwood would have a thickened marginal 
area. However, as Fredericks (1925) mentioned, Chonetes (Yakovlevia) kaluzinensis  
and Productus mammatus are very similar and thus can hardly be set apart at genus 
level.  In regards to the unusually thickened hinge margin in some  ―Muirwoodia‖ 
species, a feature also observed and emphasised by Cooper and Grant (1975), Shi 
(1995) considered it as of secondary origin, hence of little taxonomic significance at 
the genus level. Consiquently, following Shi (1995) and contrary to Grunt and 
Afanasjeva (2006), Yakovlevia and Muirwoodia are considered as synonyms with 
Yakovlevia taking priority. 
 
Yakovlevia mammatiformis (Fredericks, 1926) 
Plate 81, Figures 2-17; Plate 82, Figures 1-3 
 
1926  Productus mammatiformis Fredericks, p. 87, pl. 3, figs. 4-6. 
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1959  Muirwoodia mammatiformis (Fredericks); Kaschirzev, p. 46, pl. 19, fig. 2. 
1960  Muirwoodia mammatiformis (Fredericks); Solomina, p. 65, pl. 12, figs. 7-8. 
1961  Yakovlevia mammatiformis (Fredericks); Kotljar, text-figs. 7-8. 
1963  Yakovlevia mammatiformis (Fredericks); Ustritsky, p. 12, pl. 2, figs. 6-8; pl. 3, 
figs. 1-3. 
1964  Yakovlevia mammatiformis (Fredericks); Mironova, p. 97, pl. 1, figs. 14a-v. 
1971  Yakovlevia mammatiformis (Fredericks); Zavodowsky and Stepanov, p. 114, pl. 
35, figs. 8-10. 
1972  Yakovlevia mammatiformis (Fredericks); Ifanova, p. 119, pl. 6, figs. 15-16; pl. 7, 
figs. 1-2. 
1974  Muirwoodia mammatiformis (Fredericks); Kulikov, p. 89, pl. 3, fig. 6. 
1976  Yakovlevia mammatiformis (Fredericks); Lee and Gu, p. 264, pl. 164, figs. 6, 8; 
pl. 165, figs. 1, 5. 
1980  Yakovlevia mammatiformis (Fredericks); Lee, Gu and Su, p. 383, pl. 172, fig. 3; 
pl. 165, fig. 25. 
1983  Yakovlevia mammatiformis (Fredericks); Kalashnikov, p. 210, pl. 49, figs. 5, 6, 
9. 
1985  Yakovlevia mammatiformis (Fredericks); Gu and Zhu, pl. 4, fig. 4. 
1985  Yakovlevia aff. mammatiformis (Fredericks); Duan and Li, p. 117, pl. 39, figs. 1, 
7; pl. 43, fig. 9. 
1991  Yakovlevia mammatiformis (Fredericks); Pavlova et al., p. 107, pl. 26, figs. 1-3. 
1993  Yakovlevia mammatiformis (Fredericks); Kalashnikov, p. 61, pl. 16, figs. 1-4. 
1999a Yakovlevia mammatiformis (Fredericks); Tazawa, p. 92, fig. 3.6. 
2003  Yakovlevia mammatiformis (Fredericks); Afanasjeva et al., p. 123, pl. 43, figs. 
17-19. 
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2005  Yakovlevia mammatiformis (Fredericks); Klets, pl. 32, fig. 9. 
 
Materials.—Nine specimens. Registered specimens: four ventral valves 
(NIGP (Yam 01-04)) and one external mould of dorsal valve (NIGP (Yam 05)). 
 
Description.—Shell medium to large in size for genus, about 26 mm long and 
43 mm wide on average; strongly convex in lateral profile; transversely 
subrectangular to slightly subtrapezoidal in outline, much wider than long, maximum 
width at hinge line; ears moderately large; flanks steeply rounded; anterior margin 
broadly rounded and moderately indented medially; anterior commissure weak to 
moderately folded medially toward dorsal valve; surface finely costate; spines few 
and only on ventral valve, well differentiated in size with large halteroid spines on 
cardinal extremities, lateral slopes and trail, and other smaller spines sporadically 
scattered over ventral valve. 
Ventral valve strongly convex in lateral profile with abrupt geniculation, the 
geniculation angle around 80°-90°; hinge line straight, equal to greatest shell width; 
umbo and beak low and small; umbonal region flattened with very short and gently 
steep umbonal slopes; visceral disk subtrapezoidal in shape, gently to moderately 
inflated; maximum convexity at around geniculation; trail long and moderately 
convex; flanks strongly inclined and steep sloping laterally; ears moderately large, 
extended and poorly discriminated from umbo and visceral disk; cardinal extremities 
acute at about 75°; most specimens with incomplete trail; sulcus moderately 
developed, originating about 5 mm from umbo, shallow and relatively narrow, 
deepening and widening forward with rounded floor, strongest over geniculation area, 
slightly shallower to anterior margin; flanks bounding sulcus high and broadly 
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rounded with steep lateral slopes; shell surface finely costate; costae low and narrowly 
rounded, eight to nine in 5 mm on trail; costae separated by slightly wider and well 
rounded interspaces, anteriorly increasing by intercalation; rugae and reticulation 
indistinct; spines few and broken, but spine bases distinct halteroid spines coarse, 
about 1.3 mm in diameter, each such spine may arise abruptly and disrupt two or 
more costae; in total three pairs of halteroid spines observed: one pair from cardinal 
extremities, one pair on trail on each side of sulcus, and one further pair on lateral 
slopes; other finer spines rare, randomly scattered over rest of ventral valve surface. 
Dorsal valve strongly concave, deepest around geniculation; visceral disk 
large and gently concave; geniculation occurring at anterior margin of the disk; ears 
relatively large, slightly concave and prominent, weakly demarcated from dorsal disk; 
median fold relatively high, widening anteriorly with broadly rounded crest; external 
surface costellae similar to those on ventral valve; no spines or spine bases observed 
on dorsal valve. 
Ginglymus in ventral valve not preserved; muscle field large; areas outside 
muscle field granulose and pitted; dorsal valve interior with variably developed lateral 
ridges; cardinal process small and low; median septum weak, extending slightly 
beyond midlength. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Yam 01) 
NIGP(Yam 02) 
NIGP(Yam 03) 
24.43 
25.23 
31.05 
43.94 
40.46 
43.26 
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NIGP(Yam 04) 
NIGP(Yam 05) 
23.21 
26.83 
41.68 
44.54 
 
Discussion.—The specimens at hand are comparable with the illustrations of 
the same species shown by Pavlova et al. (1991, p. 107, pl. 26, figs. 1-3), collected 
from the same locality (Dzhirem-Ula area of southeastern Mongolia). These 
specimens are also comparable in shell size to Fredericks‘s original description of the 
Far Eastern Russian type material. 
Yakovlevia mammatus (Keyserling, 1846, p. 206, pl. 4, figs. 5, 5a-b) is easily 
distinguished from Y. mammatiformis by its smaller shell and more fine surface 
costellae. Y. borealis (Liu and Waterhouse, 1985, p. 19, pl. 3, figs. 4-6) from Permian 
strata of Xiujimqinqi region of Neimongol (Inner Mongolia) Autonomous Region, 
China is close to the present species in outline and surface costae, but the former has a 
larger shell, more inflated ventral disc and abrupt geniculation. Y. impressa (Gobbett, 
1964, p. 114, pl. 14, figs. 1-4, text fig. 16) from the Spirifer Limestone of Svalbard is 
also similar to Y. mammatiformis in general outline and surface costae, but it has a 
gently convex ventral valve and gradual geniculation. Productus weyprechti (Toula, 
1873, p. 279, pl. 5, figs. 1-3) from both Axel Island and Hornsund in Spitsbergen has 
a much deeper and narrower ventral sulcus than Y. mammatiformis. Y. unsinuata (Lee 
and Gu, 1976, p. 264, pl. 163, fig. 9; pl. 164, figs. 5, 7; Duan and Li, 1985, p. 117, pl. 
38, fig. 13; pl. 40, figs. 1-3) from the Zhesi Formation and Hutege Formation of the 
Zhesi area in Inner Mongolia is readily recognised by its poorly developed ventral 
sulcus. 
 
Occurrence.—JL 4; Dzhirem-Ula section, Wordian. 
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Yakovlevia kaluzinensis Fredericks, 1925 
Plate 81, Figure 18; Plate 82, Figures 4-14; Plate 83, Figures 1-15; Plate 84, Figures 
1-15; Plate 85, Figures 1-8 
 
1925  Chonetes (Yakovlevia) kaluzinensis Fredericks, p. 7, pl. 2, figs 64-66. 
1960  Yakovlevia kaluzinensis Fredericks; Muir-Wood and Cooper, p. 133, figs 5-6. 
1961  Yakovlevia kaluzinensis Fredericks; Kotljar, figs 1-3. 
1978  Yakovlevia kaluzinensis Fredericks; Licharew and Kotljar, pl. 14, figs 1-2. 
1998a Yakovlevia kaluzinensis Fredericks; Manankov, pl. 8, figs 18-19. 
1999a Yakovlevia kaluzinensis Fredericks; Tazawa, p. 90, figs 3.7-3.15. 
1999c Yakovlevia kaluzinensis Fredericks; Tazawa, figs 2.4-2.6. 
2000  Yakovlevia kaluzinensis Fredericks; Tazawa, fig. 3.18. 
2001  Yakovlevia kaluzinensis Fredericks; Tazawa, p. 291, figs 6.20-6.25. 
 
Materials.—Fifty-eight specimens. Registered specimens: thirteen ventral 
valves (NIGP (Yak 01-13)) and two external moulds of dorsal valves (NIGP (Yak 14-
15)). 
 
Description.—Shell large in size for genus, averaged around 36 mm in length 
and 51 mm in width; strongly concavo-convex in lateral profile; transversely 
subrectangular to slightly semicircular in outline, much wider than long, maximum 
width at hinge; ears moderately large; flanks rounded; anterior margin broadly 
rounded and slightly indented medially; anterior commissure weakly folded medially 
toward dorsal valve; surface finely costate; spines few and only on ventral valve, six 
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halteroid spines on cardinal extremities, lateral slopes and trail, some other smaller 
spines sporadically scattered over ventral valve. 
Ventral valve gently convex on visceral disk, strongly geniculated with 
geniculation angle around 90°, and followed by long trail; hinge line straight, equal to 
greatest shell width; umbo and beak low and small; umbonal region low with very 
short and gentle umbonal slopes; greatest convexity at around geniculation; trail 
moderately convex; flanks strongly inclined and steeply sloping; ears moderately 
large, prominent, but not clearly differentiated from umbo and visceral disk; sulcus 
narrow and shallow, originating from near umbo, and extending to anterior margin, 
slightly more prominent on trail and anterior margin, but still relatively shallow and 
narrow with rounded floor; flanks bounding sulcus moderately high and broadly 
rounded with steep lateral slopes; external ornament of ventral valve with fine costae 
and spines; costae low and narrowly rounded, eight to ten in 5 mm on trail, anteriorly 
increasing by intercalation; interspaces of costae narrow and rounded; no rugae and 
reticulation observed; spine bases prominent, differentiated into two types by size: 
coarse hateroid spines, about 1.7 mm in diameter, interrupting two to three costae, one 
pair each at each side of cardinal extremities, within sulcus and on lateral slopes; 
second group of some other smaller spines scattered over the rest of the ventral valve. 
Dorsal valve nearly flat on visceral disk, strongly geniculated with short trail; 
dorsal disk large; ears large, nearly flat and poorly demarcated from dorsal disk; 
median fold narrow and low on posterior half of valve, becoming prominent on trail; 
external surface ornamented with numerous fine costellae and several very weak, 
irregular concentric rugae on visceral disk; no spines or spine bases observed on 
dorsal valve. 
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Ventral valve interior with relatively small adductor scars and large diductor 
scars; areas outside muscle field granulose and pitted; dorsal valve interior with small 
and low cardinal process; other internal structures of dorsal valve not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Yak 01) 
NIGP(Yak 02) 
NIGP(Yak 03) 
NIGP(Yak 04) 
NIGP(Yak 05) 
NIGP(Yak 06) 
NIGP(Yak 07) 
NIGP(Yak 08) 
NIGP(Yak 09) 
NIGP(Yak 10) 
NIGP(Yak 11) 
NIGP(Yak 12) 
NIGP(Yak 13) 
NIGP(Yak 14) 
NIGP(Yak 15) 
39.97 
41.35 
36.94 
38.51 
31.76 
31.14 
40.72 
37.91 
27.27 
45.16 
25.15 
35.96 
40.33 
34.91 
31.13 
56.91 
47.54 
50.40 
53.89 
46.87 
47.93 
44.52 
61.00 
45.09 
- 
41.69 
40.24 
63.22 
60.61 
- 
 
Discussion.—This species was first described by Fredericks (1925, p. 7, pl. 2, 
figs 64-66) as the type species of Yakovlevia from the Chandalaz Formation (Middle 
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Permian, Wordian to Capitanian) of the Vladivostok area, South Primorye in Russian 
Far East. The Mongolian specimens are referrable to Yakovlevia kaluzinensis 
Fredericks, 1925 in size and semicircular outline, especially in its low convexity of 
the visceral disk and weak ventral sulcus. 
Yakovlevia talotica (Kalashnikov, 1993, p. 62, pl. 18, figs 4-6) from the 
Permian of northern European Russia is easily distinguished from Y. kaluzinensis by 
its coarser costae and prominent ventral sulcus. The species of Y. zyriankensis 
(Zavodowsky, 1968, p. 97, pl. 34, figs 8-9) from the Lower Permian of north-eastern 
Russia differs significantly from the current species by its smaller shell size, equal 
length and width, indistinct ventral sulcus and very strong rugae on visceral disks. In 
terms of the transverse outline and strong geniculation, Y. kaluzinensis is very similar 
to Y. transversa (Cooper, 1957, p. 39, pl. 5A, figs 1-13) from the Coyote Butte 
Formation of central Oregon (USA), but the latter differs by its more acute cardinal 
extremities and stronger ventral sulcus. 
 
Occurrence.—JL 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Yakovlevia dzhiremulensis Manankov, 1998a 
Plate 85, Figures 9-14; Plate 86, Figures 1-16; Plate 87, Figures 1-16; Plate 88, 
Figures 1-9 
 
1998a Yakovlevia dzhiremulensis Manankov, p. 490, pl. 8, figs 15-17. 
 
Materials.—Thirty-nine specimens. Registered specimens: thirteen ventral 
valves (NIGP (Yad 01-13)). 
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Description.—Shell large to extremely large in size for genus, average length 
around 48 mm and average width around 62 mm; shell wall very thick, 2 to 4 mm in 
thickness around geniculation; strongly convex in lateral profile; transversely 
subrectangular to subovate in outline; much wider than long, widest part along hinge 
line; ears moderate to large; sides steeply rounded; anterior margin broadly rounded 
and slightly indented medially; anterior commissure weakly folded medially toward 
dorsal valve; surface finely costate; spines few and only on ventral valve, six halteroid 
spines on cardinal extremities, lateral slopes and trail, other smaller spines 
sporadically scattered over ventral valve. 
Ventral valve strongly convex in lateral profile; anterior profile highly domed; 
hinge line straight; umbo and beak small, strongly incurved; umbonal region lowly 
inflated with relatively short and very gentle umbonal slopes; visceral disk large, 
gently to moderately convex, reaching 25 to 30 mm long; geniculation abruptly 
beginning from anterior margin of visceral disk, with geniculation angle around 90°-
100°; greatest convexity around geniculation; trail long, reaching more than 60 mm in 
length, weakly to moderately convex; flanks strongly inclined and steep sloping; ears 
large, extended and indistinctly discriminated from umbo and visceral disk; cardinal 
extremities slightly pointed; sulcus shallow and wide, originating slightly anterior to 
umbo, very weak, more distinct on trail to anterior margin as a gentle depression; 
lateral slopes very steep; shell surface finely costae, generally low and narrowly 
rounded, nine to eleven in 5 mm on trail, anteriorly increasing by intercalation; costae 
separated by slightly wider and well rounded interspaces; no rugae and reticulation 
observed; hateroid spines few and distinct, about 1.8 mm in diameter, each spine 
interrupting two to three costae; one from each cardinal extremity, one pair on trail on 
370  
each side of sulcus and one pair on lateral slopes; a row of small spines about 0.5 mm 
in diameter observed along hinge margin, some other finer spines less than 0.5 mm in 
diameter on the rest of the ventral valve. 
Dorsal valve moderately concave, deepest around geniculation; dorsal disk 
large and gently concave; geniculation occurring at anterior margin of dorsal disk; 
ears relatively large, obscurely demarcated from dorsal disk; median fold low, 
widening anteriorly with broadly rounded crest; external surface costellae similar to 
those on ventral valve; no spines observed on dorsal valve. 
Ventral valve interior with large muscle field; dorsal valve interior with small 
and low cardinal process; lateral ridges weakly to moderately developed; median 
septum weak; other features not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Yad 01) 
NIGP(Yad 02) 
NIGP(Yad 03) 
NIGP(Yad 04) 
NIGP(Yad 05) 
NIGP(Yad 06) 
NIGP(Yad 07) 
NIGP(Yad 08) 
NIGP(Yad 09) 
NIGP(Yad 10) 
57.03 
49.24 
- 
- 
47.48 
53.12 
43.86 
47.79 
48.22 
- 
69.04 
62.38 
59.80 
63.01 
59.29 
60.00 
64.71 
62.54 
67.05 
57.00 
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NIGP(Yad 11) 
NIGP(Yad 12) 
NIGP(Yad 13) 
44.90 
- 
40.83 
57.42 
63.55 
- 
 
Discussion.—The current species was proposed by Manankov (1998a) for the 
specimens from the Dzhirem-Ula section (Mount Dzhirem-Ula) of southeastern 
Mongolia, where the specimens were also collected in this study. The specimens 
described here fully agree with Manankov‘s description and illustrations. When 
naming Yakovlevia dzhiremulensis, Manankov (1998a, p. 491) highlighted the 
features of large shell size, a weak ventral sulcus and very thick shell wall. These 
features are also very typical in specimens described here. 
Though Yakovlevia dzhiremulensis and Y. kaluzinensis are reported from the 
same horizon in southeastern Mongolia, but as pointed out by Manankov (1998a), the 
former differs from the latter mainly by its larger shell size and very thick shell wall. 
Likewise, Y. dzhiremulensis is distinguished from Y. mammatiformis described above 
by its much thicher shell wall, larger shell size and a weaker ventral sulcus. The 
specimens described as Y. gigantica (Wang and Zhang, 2003, p. 79, pl. 2, figs 1-6) 
from the Zhesi Formation of the Zhesi area in Inner Mongolia have a similar large 
shell size to Y. dzhiremulensis, but the Zhesi specimens are slightly larger in size and 
have a much thinner shell wall compared with the latter. 
 
Occurrence.— JL 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Family PRODUCTIDAE Gray, 1840 
Subfamily LEIOPRODUCTINAE Muir-Wood and Cooper, 1960 
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Tribe HORRIDONIINI Muir-Wood and Cooper, 1960 
Genus Horridonia Chao, 1927 
 
Type species.—Productus horridus Sowerby, 1822, p. 17, pl. 319, fig. 1 from the 
Upper Permian (Magnesian Limestone) in Raisley Hill, Durham (Derbyshire), 
England. 
 
Productus (Horridonia) Chao, 1927, p. 24. 
Sowerbina Fredericks, 1928, p. 778, 789. 
Pleurohorridonia Dunbar, 1955, p. 89. 
Horridonia Chao; Muir-Wood and Cooper, 1960, p. 292. 
Horridonia Chao; Gobbett, 1961, p. 43. 
Horridonia Chao; Stepanov, 1961, p. 72. 
Horridonia Chao; Gobbett, 1964, p. 94. 
Horridonia Chao; Waterhouse, 1964, p. 57. 
Horridonia Chao; Logan, 1966, p. 163. 
Horridonia Chao; Nelson and Johnson, 1968, p. 725. 
Horridonia Chao; Barchatova, 1970, p. 127. 
Horridonia Chao; Cooper and Grant, 1975, p. 1101. 
Horridonia Chao; Lee and Gu, 1976, p. 257. 
Horridonia Chao; Grant, 1993, p. 14. 
Horridonia Chao; Brunton et al., 2000, p. 480. 
 
Discussion.—Horridonia was proposed originally as a subgenus of Productus 
by Chao (1927, p. 24) with Productus horridus Sowerby (1822) and Productus 
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timanicus Stuckenberg (1875) as the type species. In proposing the subgenus, Chao 
(1927, p. 24) only gave a very brief and simple description as: ―Characterised by a 
strong median sinus and fold, slightly convex brachial valve and a few very stout 
hollow spines‖. This subgenus was later described and discussed in detail as an 
independent genus by many authors, such as Muir-Wood and Cooper (1960, p. 292), 
Gobbett (1961, p. 43), Stepanov (1961, p. 72), Waterhouse (1964, p. 57), Nelson and 
Johnson (1968, p. 725), Cooper and Grant (1975, p. 1101) and Grant (1993, p. 14). 
Generally, Horridonia is characterised by its medium to large shell size, pentagonal 
outline, widest at hinge, weak median sulcus and dorsal fold, weak growth lines, rare 
costellae mostly on trail or sulcus and spines on both valves. 
As mentioned by Grant (1993, p. 14), Horridonia is mainly reported from the 
Boreal Permian, which means in areas like Arctic regions of Greenland, Spitsbergen, 
Canada and Alaska. The specimens from Mongolia are not abundant and poorly 
preserved, so the presence of Horridonia in southeastern Mongolia is not the zonal or 
dominant component. Sowerbina (Fredericks, 1928, p. 778, 789) and 
Pleurohorridonia (Dunbar, 1955, p. 89) have both been considered to be the junior 
synonyms of Horridonia as both type species are reassigned to Horridonia. 
 
Horridonia morrisi (Chao, 1927) 
Plate 88, Figures 10-17 
 
1927  Marginifera morrisi Chao, p. 152, pl. 15, figs 28-30. 
1985  Horridonia morrisi (Chao); Duan and Li, p. 113, pl. 41, figs 10-16. 
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Materials.—Two specimens. Registered specimens: two incomplete ventral 
valves (NIGP (Hom 01-02)). 
 
Description.—Medium to large for genus, with subpentagonal to subquadrate 
outline; moderately convex in lateral profile; wider than long, widest part along hinge 
line; lateral margins subparallel; ears moderately large, slightly swollen; anterior 
margin broadly rounded and steep, slightly indented medially; surface nearly smooth, 
indistinctly costate on trail; a few spines observed. 
Ventral valve moderately to strongly convex in lateral profile; anterior profile 
moderately domed; widest at hinge line; umbo and beak strongly incurved; umbonal 
region moderately inflated with short and slightly concave umbonal slopes; visceral 
disk large, gently to moderately convex; geniculation developed from anterior margin 
of visceral disk, with relatively long trail; lateral slopes steep; ears moderately large, 
separated from flanks by shallow sulci; cardinal extremities pointed; sulcus shallow 
and wide, originating anterior to umbo; shell surface almost smooth, very weak to 
indistinct costae on trail; rugae and growth lines very weak; spines few and broken, 
only some spine bases observed. 
No dorsal valve collected in this study. 
Ventral valve interior with long and narrow adductor platform, increasing 
anteriorly in width and height; diductor scars in front of the adductor platform. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
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NIGP(Hom 01) 
NIGP(Hom 02) 
47.94 
28.38 
58.56 
36.03 
 
Discussion.—Horridonia morrisi was first named by Chao in 1927 as 
Marginifera morrisi. Later Duan and Li (1985) restudied the brachiopods from the 
same section (Jisu-Honguer limestone) of Inner Mongolia, they thought that Chao‘s 
species should be put into Horridonia on account of the general features observed 
from their specimens. The specimens from southeastern Mongolia are represented by 
only two incomplete ventral valves; they are slightly larger size than Inner Mongolian 
specimens, but other features are very close and comparable. 
Horridonia geniculata (Gobbett, 1964, p. 97, pl. 10, figs 5-7) from the Cora 
Limestone (Lower Permian), west side of Ymerdalen in Svalbard differs from H. 
morris by its strongly convex ventral valve and abrupt geniculation. Horridonia 
bullocki (Nelson and Johnson, 1968, p. 726, pl. 91, figs 1-12) from the Lower 
Permian (Kungurian) of Yukon Territory, Canada has a similar general outline with H. 
morris, but the former is recognized to have pustulose shell and more distinct costae 
developed. The specimens described as H. praetimanica by Barchatova (1968, p. 98, 
pl. 35, figs 1-2) from the Permian deposits of north Timan differ from the specimens 
described here in having very strong rugae developed on shell surface. 
 
Occurrence.— JL 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Subfamily BUXTONIINAE Muir-Wood and Cooper, 1960 
Tribe BUXTONIINI Muir-Wood and Cooper, 1960 
Genus Kochiproductus Dunbar, 1955 
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Type species.— Productus porrectus Kutorga, 1844, p. 96, pl. 10, fig. 3 from the 
Lower Permian of Sakmarian Sterlitamak Limestone near Sterlitamak, southern Ural 
Mountains, Russia. 
 
Kochiproductus Dunbar, 1955, p. 107. 
Kochiproductus Dunbar; Muir-Wood and Cooper, 1960, p. 259. 
Kochiproductus Dunbar;; Gobbett, 1964, p. 79. 
Kochiproductus Dunbar; Cooper and Grant, 1975, p. 1049. 
Kochiproductus Dunbar; Lee and Gu, 1976, p. 253. 
Kochiproductus Dunbar; Kalashnikov, 1980, p. 40. 
Kochiproductus Dunbar; Lee, Gu and Su, 1980, p. 369. 
Kochiproductus Dunbar; Kalashnikov, 1983, p. 215. 
Kochiproductus Dunbar; Pavlova et al., 1991, p. 108. 
Kochiproductus Dunbar; Shi and Waterhouse, 1996, p. 79. 
Kochiproductus Dunbar; Brunton et al., 2000, p. 500. 
Kochiproductus Dunbar; Afanasjeva et al., 2003, p. 124. 
 
Discussion.— Kochiproductus was named by Dunbar in 1955 to replace a 
preoccupied genus name of Tschernyschewiella (Fredericks, 1924a). Originally, 
Dunbar (1955) introduced his new species Kochiproductus plexicostatus as the type 
species for the new genus. However, as Muir-Wood and Cooper (1960, p. 260) 
pointed out, ―Kochiproductus is only a substitute name‖ (replacing 
Tschernyschewiella), so the type species should be Productus porrectus Kutorga, 
which was the original type species of Tschernyschewiella Fredericks. 
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Kochiproductus saranaeanus (Fredericks, 1933) 
Plate 89, Figures 1-18; Plate 90, Figures 1-17 
 
1902  Productus longus Tschernyschew (not Meek), p. 305, 637, pl. 27, fig. 2; pl. 34, 
fig. 4; pl. 35, fig. 2. 
1933  Buxtonia saranaeanus Fredericks, p. 37, pl. 5, fig. 1. 
1939  Productus (Buxtonia) saranaeanus (Fredericks); Licharew, p. 86, pl. 17, fig. 12; 
pl. 18, figs 1-2. 
1939  Productus (Buxtonia) saranaeanus (Fredericks); Licharew and Einor, p. 37, pl. 
5, fig. 1. 
1960  Kochiproductus cf. porrectus var. saranaeana (Fredericks); Solomina, p. 43, pl. 
6, figs 4-5; pl. 7, figs 1-2. 
1972  Kochiproductus saranaeanus (Fredericks); Ifanova, p. 106, pl. 4, fig. 1. 
1974  Kochiproductus saranaeanus (Fredericks); Kulikov, p. 85, pl. 2, fig. 7. 
1986  Kochiproductus saranaeanus (Fredericks); Kalashnikov, pl. 118, fig. 5. 
1991  Kochiproductus saranaeanus (Fredericks); Pavlova et al., p. 109, pl. 24, figs 1-
4; pl. 25, fig. 13. 
1996  Kochiproductus saranaeanus (Fredericks); Shi and Waterhouse, p. 81, pl. 11, 
figs 7-10, 12. 
2003  Kochiproductus saranaeanus (Fredericks); Afanasjeva et al., p. 124, pl. 46, figs 
3-5. 
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Materials.—Seventy-five specimens. Registered specimens: nine ventral 
valves (NIGP (Kos 01-09)); three dorsal valves (NIGP (Kos 10-12)) and three 
external moulds of dorsal valves (NIGP (Kos 13-15)). 
 
Description.—Shell medium to large for genus, average length around 44 mm 
and average width around 43 mm; longitudinally oval to subquadrate in outline; 
strongly convex in lateral profile; for the ventral valve, longer than wide, and wider 
than long for the dorsal valve; probably widest part along hinge line or slightly 
anterior; ears probably large, not well preserved on most of specimens; lateral 
margins elongately rounded; anterior margin rounded and moderately indented 
medially; anterior commissure uniplicate; surface numerously costate; spines on both 
valves, but only spine bases observed. 
Ventral valve strongly enrolled in lateral profile without abrupt geniculation, 
gradually geniculate from anterior of visceral disk, fairly evenly convex at slightly 
behind midvalve; anterior profile longitudinally domed with steep sides; maximum 
convexity around midvalve or slightly posterior; widest at hinge line or slightly 
anterior; umbo and beak strongly incurved, protruding posteriorly beyond hing line by 
a short distance; umbonal region strongly swollen, moderately massive and rounded 
with steep and slightly concave umbonal slopes; visceral disk strongly convex, 
triangular in outline, delimited by high, almost vertical umbonal slopes; trail 
subtrapezoidal in shape, long and gently to moderately convex; lateral slopes very 
steep; hinge line not well preserved; ears partly broken, probably small to moderately 
large, but well separate from venter; sulcus weak to distinct, commencing slightly 
anterior to the umbo, extending to anterior margin as broad, moderately deep median 
depression, floor broadly rounded; flanks bounding sulcus moderately high and 
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anteriorly broadly rounded with steep lateral slopes; shell surface with perceivable 
costae, low and rounded, poor preservation on most of the specimens; reticulation and 
rugae inconspicuous; spines not preserved, but many spine bases observed. 
Dorsal valve forming broad shallow concavity with flat visceral disc and 
broadly geniculate trail; fold originating on anterior side of umbonal region, narrow 
and low, slightly stronger toward anterior margin; side very short and steep; 
concentric rugae weak, crossing costae to produce faint reticulation; small spine bases 
observed over dorsal valve. 
Ventral valve interior with small and dendritic adductors; diductors obscure; 
dorsal valve interior with big cardinal process; median septum massive and long, 
continuously extending near to anterior margin of disk; adductors elongate-oval in 
outline. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Kos 01) 
NIGP(Kos 02) 
NIGP(Kos 03) 
NIGP(Kos 04) 
NIGP(Kos 05) 
NIGP(Kos 06) 
NIGP(Kos 07) 
NIGP(Kos 08) 
NIGP(Kos 09) 
57.81 
45.68 
48.60 
43.62 
45.40 
- 
- 
43.83 
62.93 
37.50 
40.35 
40.51 
42.11 
43.49 
41.28 
49.16 
42.63 
50.58 
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NIGP(Kos 10) 
NIGP(Kos 11) 
NIGP(Kos 12) 
NIGP(Kos 13) 
NIGP(Kos 14) 
NIGP(Kos 15) 
29.05 
31.49 
32.67 
39.53 
43.23 
47.67 
35.70 
39.95 
34.80 
46.20 
44.03 
57.52 
 
Discussion.—The Mongolian specimens are medium to large in shell size, 
longitudinally oval to subquadrate in outline with a relatively weak sulcus, strongly 
enrolled ventral valve and small and abundant spines on both valves. These 
characteristics strongly suggest that they are referrable to Kochiproductus 
saranaeanus (Fredericks, 1933). Other synonyms listed above are also referred to K. 
saranaeanus, judging from their description, external morphology and internal 
structures. 
Kochiproductus plexicostatus Dunbar (1955, p. 109, pl. 17, figs 1-6; pl. 18, 
figs 1-6; 1961, figs 1.12-13) from the Foldvik Creek Group of Late Permian, East 
Greenland has a similar flat visceral disk and low median fold on dorsal valve, but it 
is distinguished from the present species by its coarser costae and a rounded 
subquadrate outline. K. levinsonlessingi (Zavodowsky in Zavodowsky and Stepanov, 
1971, p. 93, pl. 5, fig. 1) from the Asselian Burgalijskij horizon of River Popovka, 
Russia, differs from K. saranaeanus by its larger shell size, somewhat transversely 
rounded outline and finer surface costae. K. sultanaevi Kulikov and Stepanov (in 
Stepanov et al., 1975, p. 59, pl. 1, figs 5-6) from the Upper Permian deposits of the 
Kanin Peninsula closely resembles K. saranaeanus in shell size and general outline, 
381  
but the former differs from the latter by its coarser costae and less conspicuous ventral 
sulcus. 
Except from southeastern Mongolia, this species also has been reported from 
the Asselian to Artinskian faunas of southern Urals, Late Asselian Nenets Horizon of 
Timan, northern Russia, Early Permian (probably Sakmarian) exposures on the 
western coast of north Island, Novaya Zemlya, northern Russia and early Sakmarian 
faunas of Yukon Territory in Canada. 
 
Occurrence.— JL 1, 3, 4, 5, 6; Dzhirem-Ula section, Roadian to Capitanian. 
 
Kochiproductus maximus Manankov in Pavlova et al., 1991 
Plate 90, Figure 18; Plate 91, Figures 1-18; Plate 92, Figures 1-6 
 
1991  Kochiproductus maximus Manankov in Pavlova et al., p. 108, pl. 23, fig. 1; pl. 
24, fig. 5. 
 
Materials.—Eighteen specimens. Registered specimens: six ventral valves 
(NIGP (Kom 01-06)), one dorsal valve (NIGP (Kom 07)) and one external mould of 
dorsal valve (NIGP (Kom 08)). 
 
Description.—Shell large to huge for genus, average length around 71 mm 
and average width around 56 mm; longitudinally subrectangular in outline; extremely 
convex in lateral profile; longer than wide, maximum width at around midlength of 
shell; ears not well preserved on most of specimens; lateral margins broadly rounded; 
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anterior margin rounded and slightly indented medially; anterior commissure weakly 
uniplicate; surface costae with spines on both valves. 
Ventral valve strongly to extremely convex in lateral profile with gradual 
geniculation and evenly convex trail; anterior profile highly domed; widest at 
midvalve; umbo and beak strongly incurved and protruding posteriorly beyond hinge 
line about 5 mm; umbonal region strongly swollen, massive and rounded with steep 
and moderately concave umbonal slopes; visceral disk moderately large and strongly 
convex, subtriangular in outline; trail long and evenly convex, subrectangular in shape; 
lateral slopes long and very steep; hinge line not completely preserved; ears mostly 
broken, but well demarcated from venter by shallow grooves; sulcus weakly 
developed, originating from umbonal region, shallow and wide, extending to anterior 
margin as broad and moderately deep median depression; sulcus floor broadly 
rounded; surface with low and rounded costae, four to five in 5 mm on visceral disk, 
and five to six in 5 mm on trail, increasing in number anteriorly by intercalation; 
concentric rugae and growth lines very weak; spines broken, spine bases observed. 
Dorsal valve weakly to moderately concave with nearly flat visceral disk; 
median fold shallow and broad, originating from anterior part of umbonal region, 
slightly higher toward anterior margin; lateral slopes short and steep; surface 
ornament similar to those on ventral valve, but having less spines. 
Ventral valve interior with imprints of adductor and diductor scars observed; 
dorsal valve interior with strong cardinal process supported by median septum; 
median septum massive, extending anteriorly to anterior margin of visceral disk; 
adductors large, elonately oval in shape. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
Specimen no. L W 
NIGP(Kom 01) 
NIGP(Kom 02) 
NIGP(Kom 03) 
NIGP(Kom 04) 
NIGP(Kom 05) 
NIGP(Kom 06) 
NIGP(Kom 07) 
NIGP(Kom 08) 
65.74 
60.31 
66.97 
75.81 
71.38 
89.31 
- 
70.37 
47.08 
41.71 
58.98 
50.67 
58.70 
64.53 
62.29 
67.07 
 
Discussion.—Kochiproductus maximus was named by Manankov in Pavlova 
et al. (1991) from the Tsagan-Ula Horizon of southeastern Mongolia, where the 
current specimens were also collected. Basically, Manankov proposed this species for 
its unusally large shell size, strongly convex ventral shell and weakly developed 
ventral sulcus. The specimens described above are completely comparable with 
Manankov‘s original description and safely assigned to K. maximus. 
Obviously, this species differs from Kochiproductus saranaeanus described 
above by its much large shell size and strongly convex ventral valve. K. porrectus 
(Kutorga, 1844, p. 96, pl. 10, fig. 3) from the Sakmarian limestones of Russia also has 
a large shell size, but Kutorga‘s description was brief and the specimen that she 
illustrated was poor in quality, therefore the comparsion between two of them is 
difficult. Though K. elongatus (Cooper and Grant, 1975, p. 1049, pl. 358, figs 4-6; pl. 
360, fig. 3; pl. 361, figs 9-11) from the Skinner Ranch and Bone Spring formations 
384  
(mainly Kungurian) of West Texas, USA is similar in size to K. maximus, but the 
West Texas species is recognized by having a narrow hinge and coarse spine bases. 
 
Occurrence.— JL 4, 6; Dzhirem-Ula section, Roadian to Capitanian. 
 
Superfamily ECHINOCONCHOIDEA Stehli, 1954 
Family ECHINOCONCHIDAE Stehli, 1954 
Subfamily JURESANIINAE Muir-Wood and Cooper, 1960 
Tribe WAAGENOCONCHINI Muir-Wood and Cooper, 1960 
Genus Waagenoconcha Chao, 1927 
 
Type species.— Productus humboldti d‘Orbigny, 1842, p. 54, pl. 5, figs. 4-7 from the 
Cisuralian (Early Permian) of Yaurichambi, Bolivia. 
 
Waagenoconcha Chao, 1927, p. 24, 85. 
Waagenoconcha Chao, 1928, p. 54. 
Waagenoconcha Chao; King, 1931, p. 80. 
Waagenoconcha Chao; Ivanov, 1935, p. 100. 
Waagenoconcha Chao; Prendergast, 1935, p. 15. 
Waagenoconcha Chao; Muir-Wood and Oakley, 1941, p. 23. 
Waagenoconcha Chao; Sutton and Summerson, 1943, p. 328. 
Waagenoconcha Chao; Sarytcheva and Sokolskaja, 1952, p. 97. 
Waagenoconcha Chao; Dunbar, 1955, p. 85. 
Waagenoconcha Chao; Campbell, 1956, p. 469. 
Waagenoconcha Chao; Coleman, 1957, p. 82. 
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Waagenoconcha Chao; Muir-Wood and Cooper, 1960, p. 252. 
Waagenoconcha Chao; Gobbett, 1964, p. 75. 
Waagenoconcha Chao; Waterhouse, 1966, p. 23. 
Waagenoconcha Chao; Grant, 1966a, p. 1063. 
Waagenoconcha Chao; Grant, 1966b, p. 660. 
Waagenoconcha Chao; Sarytcheva, 1968, p. 103. 
Waagenoconcha Chao; Tazawa, 1974, p. 122. 
Waagenoconcha Chao; Cooper and Grant, 1975, p. 1041. 
Waagenoconcha Chao; Lee and Gu, 1976, p. 252. 
Waagenoconcha Chao; Galitzkaja, 1977, p. 72. 
Waagenoconcha Chao; Kalashnikov, 1980, p. 36. 
Waagenoconcha Chao; Lee, Gu and Su, 1980, p. 364. 
Waagenoconcha Chao; Waterhouse, 1982, p. 41. 
Waagenoconcha Chao; Kalashnikov, 1983, p. 207. 
Waagenoconcha Chao; Zhang et al., 1983, p. 290. 
Waagenoconcha Chao; Abramov and Grigorjewa, 1983, p. 80. 
Waagenoconcha Chao; Pavlova and Manankov, 1983, p. 40. 
Waagenoconcha Chao; Abramov and Grigorjewa, 1988, p. 120. 
Waagenoconcha Chao; Pavlova et al., 1991, p. 111. 
Waagenoconcha Chao; Archbold, 1993, p. 19. 
Waagenoconcha Chao; Yanagida and Pillevuit, 1994, p. 69. 
Waagenoconcha Chao; Shi and Waterhouse, 1996, p. 77. 
Waagenoconcha Chao; Brunton et al., 2000, p. 516. 
Waagenoconcha Chao; Wang and Zhang, 2003, p. 92. 
Waagenoconcha Chao; Afanasjeva et al., 2003, p. 126. 
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Discussion.—This genus was proposed by Chao in 1927 (p. 24, 85) with 
Productus humboldti d‘Orbigny, 1842 (p. 54), as the type species. The original 
description by Chao is brief, but some key points are indicated, such as the general 
outline and spinosity. The genus thereafter has been well redescribed and discussed 
by many authors (Coleman, 1957; Muir-Wood and Cooper, 1960; Grant, 1966a; 
1966b; Cooper and Grant, 1975; Archbold, 1993; Wang and Zhang, 2003). In short, 
the diagnostic characters are as follow: ventral valve moderately convex and medianly 
sulcate, dorsal valve nearly flat; similar ornament of closely placed spines on both 
dorsal and ventral valves, quincuncial arrangement of coarser spines on posterior part 
of both valves and finer spines along their anterior parts; dorsal interior with narrow 
trilobed cardinal process and long median septum, lateral ridges short, adductors 
elongate trigonal and dendritic. 
The species assigned to this genus have been further divided into several 
subgenera. Archbold (1993, p. 19) suggested the subgenus of Waagenoconcha 
(Wimanoconcha), which was proposed by Waterhouse in 1983b as an independent 
genus Wimanoconcha with Waagenoconcha wimani Frederiscks, 1934, as the type 
species. Angiolini (1995, p. 206) further proposed the subgenus W. (Gruntoconcha) 
with W. (Gruntoconcha) macrotuberculata as the type species. Brunton et al. (2000, p. 
517) in the new edition of the Brachiopoda Treatise divided the present genus into 
two subgenera, W. (Waagenochocha) and W. (Gruntoconcha). Wang and Zhang 
(2003, p. 93) proposed a further two subgenera: W. (Yazengoconcha) and W. 
(Wangyuconcha). Based on observations from their Inner Mongolian collections, they 
found that some characters of the Waagenoconcha species are varaiable according to 
their shell size, so they put smaller to medium sized shells into W. (Waagenoconcha), 
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larger sized shells into W. (Yazengoconcha), and gigantic sized shells into W. 
(Wangyuconcha). However, the shell size alone cannot be considered as a diagnostic 
feature to differentiate subgenera in brachiopods as it usually varies with ontogeny. 
So in this paper, we follow Brunton et al. (2000) in only recognising two subgenera: 
W. (Waagenochocha) and W. (Gruntoconcha). 
Fostericoncha Waterhouse (2002, p. 48) with Waagenoconcha? gigantea 
Waterhouse 1983b as the type species, differs from Waagenoconcha by means of its 
large to gigantic size, wide ears and fine spines on both valves. 
 
Subgenus Waagenoconcha (Waagenochocha) Chao, 1927 
 
Type species.— Productus humboldti d‘Orbigny, 1842, p. 54, pl. 5, figs 4-7 from the 
Cisuralian of Yaurichambi, Bolivia. 
 
Waagenoconcha Chao, 1927, p. 24, 85. 
Waagenoconcha (Waagenochocha) Chao; Brunton et al., 2000, p. 517. 
 
Discussion.—The closest subgenus is Waagenoconcha (Gruntoconcha), as 
they share many same characteristics, such as medium to large shells, subrounded 
outline, coarser spine bases on posterior half of the valve and finer spine bases on 
anterior half of the valve, but Waagenoconcha (Gruntoconcha) differs in having steep 
ventral flanks, coarser, less elongate spine bases and somewhat weak rugae. The 
Mongolian specimens are assigned to W. (Waagenochocha) based on the outline and 
more inclined flanks. 
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Waagenoconcha (Waagenochocha) angustata Sarytcheva, 1984 
Plate 92, Figures 7-17; Plate 93, Figures 1-21 
 
1960  Waagenoconcha wimani Fredericks; Solomina, p. 32, pl. 2, figs 5-7; pl. 3, figs 
1-2. 
1968  Waagenoconcha wimani Fredericks; Sarytcheva, p. 112, pl. 11, figs 1-8; text-
 figure 48. 
1972  Waagenoconcha wimani Fredericks; Ifanova, p. 105, pl. 3, figs 17-18. 
1984  Waagenoconcha angustata Sarytcheva, p. 133, pl. 12, fig. 5; pl. 18, fig. 6; pl. 
 21, fig. 6; pl. 23, figs 2-5; pl. 24, figs 1-2. 
1991  Waagenoconcha angustata Sarytcheva; Pavlova et al., p. 111, pl. 23, figs 2-3; 
 pl. 28, fig. 1. 
 
Materials.—Twenty-eight specimens. Registered specimens: eight ventral 
valves (NIGP (Wan 01-08)) and one external mould of dorsal valve (NIGP (Wan 09)). 
 
Description.—Medium to large in size for subgenus, average length around 42 
mm and average width around 49 mm; subquadrate in outline; moderately to strongly 
convex with steep slopes anteriorly; wider than long, greatest width at shell midlength; 
ears not well preserved on most of specimens; sides steep and regularly rounded; 
anterior margin broadly rounded and weakly indented medially; anterior commissure 
broadly uniplicate; surface costate with many spine bases. 
Ventral valve with moderate to strong convexity in lateral profile and no 
abrupt geniculation, convexity fairly even in front of umbonal region; trail long and 
also evenly convex in lateral profile; anterior profile roundly domed with steeply 
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sloping sides and somewhat indented top; visceral disk moderately large and inflated, 
transversely subtriangular in outline; beak and umbo strongly incurved, overhanging 
across hinge line by a short distance; umbonal region prominent, strongly incurved 
and highly swollen with steep and slightly concave umbonal slopes; median region 
broadly and moderately swollen with steep lateral slopes; ears of most specimens 
damaged, generally small and well demarcated; median sulcus weakly developed, 
originating from umbonal region, shallow and narrow with rounded floor, slightly 
deepening and widening toward anterior margin; sulcal sides roughly subparallel to 
each other with broadly rounded crest; surface weakly costate, with very weak or 
indistinct rugae, radial costae well rounded, 6-8 in 5 mm at midvalve, increasing 
anteriorly by intercalation, separated by slightly wider interspaces; spines broken, 
spine bases relatively small and irregularly distributed. 
Dorsal valve weakly concave with almost flat visceral disk; lateral regions 
slightly concave; median fold low and broad, originating from posterior part of 
visceral disk, slightly higher and wider toward anterior margin; lateral slopes short 
and gentle; external ornament similar to that on ventral valve, but with slightly more 
distinct concentric rugae developed on visceral disk. 
Ventral valve interior with elongate adductor platform and weakly impressed 
diductors; dorsal valve interior with large cardinal process supported by long median 
septum; adductors posteriorly placed, subrounded and elongate in shape. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
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NIGP(Wan 01) 
NIGP(Wan 02) 
NIGP(Wan 03) 
NIGP(Wan 04) 
NIGP(Wan 05) 
NIGP(Wan 06) 
NIGP(Wan 07) 
NIGP(Wan 08) 
NIGP(Wan 09) 
40.50 
44.62 
39.62 
38.02 
40.36 
35.24 
45.25 
50.48 
40.22 
53.83 
51.30 
55.91 
48.15 
43.41 
49.18 
46.37 
53.03 
42.74 
 
Discussion.—This large Waagenoconcha (Waagenochocha) agrees in all 
observable features with W. (Waagenochocha) angustata Sarytcheva (1984, p. 133). 
This species also agres well with the description and illustrations made by Pavlova et 
al. (1991, p. 111, pl. 23, figs 2-3; pl. 28, fig. 1) from the Dzhirem-Ula area of 
southeastern Mongolia. 
Waagenoconcha (Waagenochocha) imperfecta (Prendergast, 1935, p. 15, pl. 4, 
figs 1-3; 1943, p. 25, pl. 3, figs 7-9; Coleman, 1957, p. 82, pl. 10, figs 8-14; pl. 11, 
figs 1-6) from the Permian Liveringa Formation of Kimberley District, Western 
Australia, is similar to the present species in lateral convexity and shallow median 
sulcus, but differs in having finer spinose ornamentation and strong growth lines. The 
species W. (Waagenochocha) sulcata (Cooper and Grant, 1975, p. 1048, pl. 357, figs 
44-48) from the Hueco Canyon Formation of West Texas, USA differs from W. 
(Waagenochocha) angustata by its deeper ventral sulcus and smaller shell size. W. 
(Waagenochocha) irginae (Ustritsky, 1963, p. 6, pl. 1, figs 1-3) from the Lower 
Permian of the Beishan area, Gansu Province in northwest China has a very close 
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outline and surface ornament to W. (Waagenochocha) angustata, but the former is 
distinguished by its distinct less developed median sulcus. 
 
Occurrence.— JL 1, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Waagenoconcha (Waagenochocha) impercepta Manankov in Pavlova et al., 1991 
Plate 94, Figures 1-23; Plate 95, Figures 1-24; Plate 96, Figures 1-11 
 
1991  Waagenoconcha impercepta Manankov in Pavlova et al., p. 112, pl. 23, figs 4-7. 
2003  Waagenoconcha impercepta Manankov; Afanasjeva et al., p. 126, pl. 46, fig. 6. 
 
Materials.—Ninety-six specimens. Registered specimens: one conjoined shell 
(NIGP (Wim 01)); thirteen ventral valves (NIGP (Wim 02-14)) and two incomplete 
dorsal valves (NIGP (Wim 15-16)). 
 
Description.—Average size for the subgenus, 40 mm long and 43 mm wide on 
average; triangular to subovate in outline; moderately convex in lateral profile; 
slightly wider than long, greatest width at shell midlength or slightly anterior; ears 
small and mostly not preserved; lateral sides broadly rounded; lateral slopes short and 
steep; anterior margin transversely rounded; anterior commissure weakly uniplicate; 
surface costate with many spines. 
Ventral valve moderately and evenly convex in lateral profile with gradual 
geniculation and long trail; anterior profile lowly to moderately domed with weakly 
indented top; visceral disk small and moderately to strongly inflated, triangular in 
outline; beak and umbo small, strongly incurved and slightly overhanging across the 
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hinge line; umbonal region relatively high and strongly incurved with short and 
slightly concave umbonal slopes; lateral slopes short and steep; ears small and mostly 
broken, but well demarcated; median sulcus broad and weakly developed, beginning 
from anterior part of umbonal region, shallow and wide with broadly rounded floor, 
more wider toward anterior margin but still shallow; surface costate, costae rounded 
and low with slightly narrower interspaces, increasing anteriorly mainly by 
intercalation, 5-6 in 5 mm at shell midlength; spine bases large, about 1.9 mm in 
diameter. 
Dorsal valve weakly or lowly concave with flat visceral disk; maximum 
concavity anterior to midvalve; geniculation gentle; lateral regions slightly concave; 
median fold extremely low and broad, beginning from posterior part of visceral disk, 
only slightly higher to anterior margin; external ornament similar to that on ventral 
valve. 
Ventral valve interior with large adductor platform; dorsal valve interior with 
strong cardinal process and long median septum; median septum narrow, reaching 
three fourths of the length of visceral disk; muscle scars weakly impressed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP(Wim 01) 
NIGP(Wim 02) 
NIGP(Wim 03) 
NIGP(Wim 04) 
46.61 
36.18 
44.32 
42.65 
48.36 
41.04 
45.49 
42.22 
22.82 
- 
- 
- 
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NIGP(Wim 05) 
NIGP(Wim 06) 
NIGP(Wim 07) 
NIGP(Wim 08) 
NIGP(Wim 09) 
NIGP(Wim 10) 
NIGP(Wim 11) 
NIGP(Wim 12) 
NIGP(Wim 13) 
NIGP(Wim 14) 
NIGP(Wim 15) 
NIGP(Wim 16) 
39.57 
36.91 
49.23 
39.44 
36.96 
41.62 
33.94 
45.02 
33.12 
34.86 
- 
- 
41.32 
42.85 
54.34 
42.28 
38.79 
- 
44.04 
49.51 
34.99 
44.47 
34.68 
34.44 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 
Discussion.—The main distinctive features of Waagenoconcha 
(Waagenochocha) impercepta are its medium sized shell, low or moderate convexity 
in lateral profile, triangular outline, weak and very broadly developed ventral sulcus 
and flat dorsal visceral disk. The species was named by Manankov in Pavlova et al. 
(1991) from the Dzhirem-Ula section of southeastern Mongolia. The spciemens 
described here are also from the Dzhirem-Ula section, and they are completely 
comparable with Manankov‘s illustrations. 
Though Waagenoconcha (Waagenochocha) impercepta and W. 
(Waagenochocha) angustata are both reported from the same horizon of southeastern 
Mongolia; however, the former differs from the latter mainly by its smaller shell size, 
lower convexity in lateral profile and more triangular outline. W. (Waagenochocha) 
convexa (Cooper and Grant, 1975, p. 1042, pl. 356, figs 1-6; pl. 357, figs 1-43) from 
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the Cathedral Mountain and Road Canyon formations (Kungurian to Roadian) of 
West Texas, USA has a similar outline with the present species, but it differs from the 
latter by its numerous spines and distinct rugae developed on ventral valve. The 
specimens described as W. (Waagenochocha) abnakensis (Fantini Sestini, 1966, p. 26, 
pl. 3, figs 1-2) from the Geirud Formation (Lower Permian) of North Iran is 
distinguished by its stronger convex shell, narrowly deep median sulcus and strong 
rugae. 
 
Occurrence.— JL 1, 3, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Waagenoconcha (Waagenochocha) permocarbonica Ustritsky in Ustritsky and 
Tschernjak, 1963 
Plate 96, Figures 12-25; Plate 97, Figures 1-3 
 
1963  Waagenoconcha permocarbonica Ustritsky in Ustritsky and Tschernjak, p. 79, 
pl. 7, fig. 6; pl. 8, figs 1-3. 
1980  Waagenoconcha permocarbonica Ustritsky; Lee, Gu and Su, p. 364, pl. 168, 
figs 1, 6; pl. 169, figs 3, 4. 
1984  Waagenoconcha permocarbonica Ustritsky; Lee, Gu and Li, pl. 3, fig. 5. 
1985  Waagenoconcha permocarbonica Ustritsky; Duan and Li, p. 107, pl. 37, figs 3-
5. 
1996  Waagenoconcha permocarbonica Ustritsky; Shi and Waterhouse, p. 77, pl. 9, 
figs 4-15; pl. 10, figs 1-4. 
2000  Waagenoconcha permocarbonica Ustritsky; Tazawa, figs 3.16-3.17. 
2001  Waagenoconcha permocarbonica Ustritsky; Tazawa, p. 292, figs 7.20-7.23. 
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Materials.—Twenty-six specimens. Registered specimens: three incomplete 
conjoined shells (NIGP (Wpe 01-03)); one incomplete ventral valve (NIGP (Wpe 04)); 
one dorsal valve (NIGP (Wpe 05)) and four external moulds of dorsal valves (NIGP 
(Wpe 06-09)). 
 
Description.—Shell medium to large for the subgenus, average length around 
37 mm and average width around 42 mm; subrounded to subquadrate in outline; 
profile moderately convex; wider than long or nearly equal; widest at shell midlength 
or slightly anterior to it; lateral sides gently rounded and gradually sloping; anterior 
margin broadly rounded and somewhat indented medially; anterior commissure gently 
uniplicate; surface costae with numerous spine bases. 
Ventral valve moderately to strongly convex in lateral profile, most convex at 
midlength; anterior profile moderately domed with gentle sloping sides and slightly 
indented top; visceral disk moderately large and low inflated, broadly triangular in 
outline; beak and umbo strongly incurved; umbonal region moderately swollen with 
short and slightly concave umbonal slopes; lateral slopes long and gentle; ears of most 
specimens damaged, small and inconspicuous; hinge line straight and slightly 
narrower than midwidth; trail long and gently curved from visceral disk without 
distinct geniculation; median sulcus moderately developed, originating at about 6-8 
mm from umbo, initially indistinct, deepest at midvalve, shallowing and widening 
anteriorly; sulcal sides almost parallel to each other, with broadly rounded sulcus 
floor; external surface costae not well preserved; spine bases small and numerous, 
about 6 in 5 mm at midvalve; concentric growth increments weakly to moderately 
developed. 
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Dorsal valve moderately concave with flat and rounded visceral disk; trail 
short and moderately geniculated; lateral regions moderately concave; median fold 
low or indistinct, originating about 4 mm from dorsal umbonal tip, very low and 
broadly swollen on disk, slightly higher on trail to anterior margin; enternal ornament 
of dorsal valve similar to that of opposite valve, but with smaller spine bases and 
small shallow pits. 
Ventral valve interior with elongate adductor platform, long and broad, 
anteriorly dendritic; diductor scars weakly impressed; dorsal valve interior strong 
cardinal process and long median septum; adductors elongate and subrounded, each 
about 9 mm wide and 12 mm long; diductors unclear. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP(Wpe 01) 
NIGP(Wpe 02) 
NIGP(Wpe 03) 
NIGP(Wpe 04) 
NIGP(Wpe 05) 
NIGP(Wpe 06) 
NIGP(Wpe 07) 
NIGP(Wpe 08) 
NIGP(Wpe 09) 
40.96 
26.51 
46.12 
- 
32.47 
31.04 
40.51 
- 
38.79 
45.56 
31.06 
56.42 
42.40 
38.13 
44.49 
42.97 
33.85 
42.13 
13.20 
9.89 
8.69 
- 
- 
- 
- 
- 
- 
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Discussion.—The Mongolian specimens are referred to Waagenoconcha 
(Waagenochocha) permocarbonica Ustritsky in Ustritsky and Tschernjak (1963), 
originally described from the Bashkirian to Sakmarian of Taimir, on account of their 
shell outlines, external ornaments, weakly developed ventral sulcus and dorsal fold. 
Except from southeastern Mongolia, this species has also been reported from 
Carboniferous (Bashkirian) to Lower Permian (Sakmarian) of northern Russia 
(Taimir), Lower Permian (Sakmarian to Artinskian) of western Canada (Yukon 
Territory), northeastern Siberia (west Verchoyan Mountains), Middle Permian 
(Roadian to Wordian) of north China (Inner Mongolia), northeast China (Jilin and 
Heilongjiang) and central Japan (Hida Gaien Belt). 
Waagenoconcha (Waagenochocha) subpermocarbonica Lee and Gu (Lee et 
al., 1980, p. 364, pl. 168, figs 2, 17) from the Middle Permian (Roadian to Wordian) 
of northeast China differs from the present species by its transversely rectangular 
outline, widest part along the hinge line and stong geniculation. W. (Waagenochocha) 
asiatica Zavodowsky (1968, p. 92, pl. 33, fig. 5) from the Lower Permian of 
northeastern Russia has a similar rounded outline and external ornaments to W. 
(Waagenochocha) permocarbonica, but the former is distinguished by its obviously 
shallow to indistinct ventral sulcus. 
 
Occurrence.— JL 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Superfamily LINOPRODUCTOIDEA Stehli, 1954 
Family LINOPRODUCTIDAE Stehli, 1954 
Subfamily ANIDANTHINAE Waterhouse, 1968a 
Genus Anidanthus Hill, 1950 
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Type species.— Linoproductus springsurensis Booker, 1932, p. 67, pl. 3, figs 1-6; pl. 
4, figs 1-7 from the Artinskian in Springsure Dome, Nebo District, Mountain Britton 
and Yatton Goldfield, Queensland, Australia. 
 
Anidanthus Whitehouse, 1928, p. 282. 
Pseudomarginifera Stepanov, 1934, p. 56. 
Anidanthus Hill, 1950, p. 9. 
Anidanthus Hill; Muir-Wood and Cooper, 1960, p. 299. 
Anidanthus Whitehouse; Sarytcheva et al., 1960, p. 232. 
Anidanthus Whitehouse; Gobbett, 1964, p. 106. 
Anidanthus Hill; Wang, Jin and Fang, 1964, p. 326. 
Anidanthus Whitehouse; Waterhouse, 1966, p. 19. 
Anidanthus Whitehouse; Waterhouse, 1968a, p. 235. 
Anidanthus Whitehouse; Kotljar and Popeko, 1967, p. 129. 
Anidanthus Whitehouse; Nakamura, 1972b, p. 432. 
Anidanthus Whitehouse; Kulikov, 1974, p. 88. 
Anidanthus Whitehouse; Lee and Gu, 1976, p. 259. 
Anidanthus Whitehouse; Grigorjewa and Kotljar, 1977, p. 54. 
Anidanthus Whitehouse; Waterhouse, 1978, p. 79. 
Anidanthus Whitehouse; Lee, Gu and Su, 1980, p. 377. 
Anidanthus Whitehouse; Abramov and Grigorjewa, 1983, p. 91. 
Anidanthus Hill; Melville, 1984, p. 224. 
Anidanthus Whitehouse; Waterhouse, 1986a, p. 61. 
Anidanthus Whitehouse; Lazarev, 1986b, p. 99. 
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Anidanthus Whitehouse; Wang et al., 1982, p. 223. 
Anidanthus Whitehouse; Abramov and Grigorjewa, 1988, p. 130. 
Anidanthus Whitehouse; Shi and Waterhouse, 1996, p. 103. 
Anidanthus Whitehouse; Briggs, 1998, p. 201. 
Anidanthus Hill; Brunton et al., 2000, p. 531. 
Anidanthus Whitehouse; Afanasjeva et al., 2003, p. 117. 
 
Discussion.—The name Anidanthus was proposed by Whitehouse (1928, p. 
282), in a footnote, to include a new species of Productus by Etheridge (In Jack and 
Etheridge, 1982, pl. 12, fig. 17; pl. 44, fig. 13). One of Whitehouse's two figures was 
later considered as a different species, Linoproductus springsurensis, by Booker 
(1932, p. 67). Yet, the genus Anidanthus was not formally defined until Hill (1950, p. 
9) who provided a brief diagnosis and description for the genus and proposed 
Linoproductus springsurensis Booker as the type species. 
Pseudomarginifera Stepanov (1934), with Productus ussuricus Fredericks 
(1924a, pl. 1, figs 1-5) from the Upper Paleozoic of Ussuriland in Far Eastern Russia 
as the type species, is considered to be synonymous with the present genus because 
both genera are characterised by prominent concentric rugae on the dorsal valve and 
fine costae on ventral valve. Megousia Muir-Wood and Cooper, 1960 is possibly the 
most similar form to Anidanthus, as the interiors of both genera are identical (Cooper 
and Grant, 1975, p. 1190), but the major distinction between two of them is ―the wing 
or big ear of the brachial valve‖ in Megousia (Cooper and Grant, 1975, p. 1190). 
Megousia has elaborate wings or crescentic extensions on the lateral extremities of the 
dorsal valve, while Anidanthus does not have such feature (Muir-Wood and Cooper, 
1960; Cooper and Grant, 1975). However, this distinction is not always recognisable 
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as the elaborate wings of Megousia can be easily broken, and it could be observed 
only on some finely preserved or complete specimens. 
 
Anidanthus ussuricus (Fredericks, 1924a) 
Plate 97, Figures 4-24 
 
1924a  Productus ussuricus Fredericks, p. 8, pl. 1, figs 1-5. 
1972  Anidanthus ussuricus (Fredericks); Nakamura, p. 434, pl. 1, figs 1a-1c. 
1976  Anidanthus ussuricus (Fredericks); Lee and Gu, p. 260, pl. 163, figs 4-6. 
1978  Anidanthus ussuricus (Fredericks); Licharew and Kotljar, pl. 13, fig. 5. 
1980  Anidanthus ussuricus (Fredericks); Lee, Gu and Su, p. 379, pl. 170, figs 5, 9. 
1984  Anidanthus ussuricus (Fredericks); Lee, Gu and Li, pl. 2, figs 8, 16. 
1985  Anidanthus ussuricus (Fredericks); Duan and Li, p. 113, pl. 38, figs 6-9. 
 
Materials.—Nineteen specimens. Registered specimens: six incomplete 
ventral valves (NIGP (Aus 01-06)). 
 
Description.—Medium size for genus, the average length around 21 mm and 
average width around 23 mm; transversely ovate in outline; profile moderately to 
strongly convex; slightly wider than long; widest part around hinge line or slightly 
anterior to it; ears mostly broken; lateral sides gently to moderately inclined; anterior 
margin broadly rounded; anterior commissure nearly straight; surface finely costate, 
spines not preserved, but spine bases observed. 
Ventral valve moderately to strongly convex in lateral profile; anterior profile 
moderately domed with gentle sloping sides; visceral disk small to moderately large, 
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triangular in outline; beak and umbo strongly incurved; umbonal region inflated and 
strongly incurved with short umbonal slopes; lateral slopes long and gently sloping; 
ears of most specimens not preserved; hinge line only partly observed; trail relatively 
long and gradually curved from visceral disk; median sulcus absent; external surface 
finely costate, seven to eight in 5 mm at shell midlength, increasing anteriorly by 
intercalation; interspaces between costae slightly narrow with rounded floor; rugae 
mostly observed on posterior part of shell; spine bases rare and randomly distributed. 
Dorsal valve moderately concave in visceral disk; trail short; lateral regions 
gently concave; no median fold developed on dorsal valve; external ornament of 
dorsal valve similar to that of ventral valve, but with stronger concentric rugae  and 
forming distinct reticulation. 
Interiors of both valves not well preserved, only traces of muscle imprints 
observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Aus 01) 
NIGP(Aus 02) 
NIGP(Aus 03) 
NIGP(Aus 04) 
NIGP(Aus 05) 
NIGP(Aus 06) 
21.16 
23.67 
17.76 
17.38 
18.51 
25.30 
22.86 
25.45 
23.90 
18.19 
23.73 
- 
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Discussion.—The southeastern Mongolian species is not well preserved, 
especially its dorsal valve. It is medium in shell size and has coarse costae, and no 
median sulcus nor fold on ventral and dorsal valves respectively. These characteristics 
suggest Anidanthus ussuricus (Fredericks, 1924a, p. 8, pl. 1, figs 1-5). 
Anidanthus megensis (Solomina, 1981, p. 68, pl. 6, figs 4-5) from the 
Sakmarian upper Megen Suite of Verchoyan Mountains is much larger than the 
present species and has more extensive ears and a less convex ventral valve, but is 
similar to the latter in density of costae. A. spineus (Manankov, 1992, p. 74, pl. 17, 
figs 1-5) from the Middle Permian of northeast Mongolia also has poorly developed 
ventral sulcus and dorsal fold close to A. ussuricus; however, the northeast Mongolian 
species is recognised to have a larger shell size, more spines and more extensive ears. 
A. cessnockensis (Briggs, 1998, p. 201, figs 96A-I) from the Tiverton Formation 
(Artinskian) of the northern Bowen Basin, Queensland of Australia differs from A. 
ussuricus by its much more transverse outline and larger shell size. A. victori 
(Abramov and Grigorjewa, 1988, p. 133, pl. 9, figs 12-15) from the Lower Permian of 
Verchoyan Mountains in Russia has a similar outline with A. ussuricus, but it is 
distinguished by its smaller shell size and numerous smaller spines on the ventral 
valve. 
 
Occurrence.— JL 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Anidanthus sinuata (Ustritsky, 1963) 
Plate 97, Figure 25; Plate 98, Figures 1-8 
 
1963  Pseudomarginifera sinuata Ustritsky, p. 14, pl. 4, figs 1-2. 
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Materials.—Five specimens. Registered specimens: one conjoined shell 
(NIGP (Asi 01)); one incomplete ventral valve (NIGP (Asi 02)) and an external 
mould of dorsal valve (NIGP (Asi 03)). 
 
Description.—Shell medium to large for the genus, averaged 27 mm in length 
and 32 mm in width, with one conjoined shell measured 12.87 mm in thickness; 
transversely subrectangular to subovate in outline; profile moderately convex; much 
wider than long; widest part around hinge line; ears partly broken; lateral sides gently 
to moderately sloping; anterior margin broadly rounded; surface costae with spine 
bases. 
Ventral valve moderately convex in lateral profile; sides gently to moderately 
inclined; visceral disk small and transversely triangular in outline; beak not preserved; 
umbo strongly incurved; umbonal region moderately inflated with short and slightly 
concave umbonal slopes; hinge line not completely preserved; trail long and gently 
curved; median sulcus indistinct; external surface costate, seven to nine in 5 mm at 
shell midlength, increasing anteriorly by intercalation; interspaces between costae 
slightly wider with rounded floor; rugae weak on posterior part of shell; spine bases 
irregularly distributed. 
Dorsal valve moderately to flatly concave, deepest around midvalve and with 
gently sloping sides; ears poorly known; no median fold developed on dorsal valve; 
trail short; lateral regions gently concave; enternal ornament of dorsal valve similar to 
that of ventral valve, but with well-defined concentric rugae, forming distinct 
reticulation. 
Interiors of both valves largely not clear. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP(Asi 01) 
NIGP(Asi 02) 
NIGP(Asi 03) 
24.12 
29.91 
- 
34.96 
- 
28.35 
12.87 
- 
- 
 
Discussion.—Ustritsky (1963) proposed this species while studying the 
Permian brachiopod fauna from the Beishan area of Gansu Province in northwest 
China. At that time, he defined this species mainly based on features of the ventral 
valve, such as relatively strong convex ventral valve with shallow to indistinct sulcus, 
prominent and fine costellae on both valves. The present specimens have the same 
characteristics as described and illustrated by Ustritsky (1963). Thus, they are safely 
assigned to Anidanthus sinuata (Ustritsky, 1963). This species has been reported from 
southeastern Mongolia (as described here) and the Shuangbaotang Formation of late 
Artinskian to Roadian age in the Beishan area of Gansu Province, China (Ustritsky, 
1963). Elsewhere, no record of this species has been reported so far. 
Anidanthus mucronata (He et al., 2005, p. 929, figs 3.1-3.15) from the latest 
Changhsingian of southern Guangxi, South China appears to be similar to A. sinuata 
in appearance, but it can be readily distinguished from the latter by its much smaller 
size and mucronate cardinal extremities. A. alatus Cooper (1953, p. 30, pl. 7, figs 12-
26) from the Anidanthus zone (about Wordian equivalent) of El Antimonio in 
Western Sonora, Mexico, has similar dorsal ornamentation, but differs by its smaller 
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shell size and the plated nature of dorsal valve. Compared with A. sinuata, A. 
fusiformis (Waterhouse, 1966, p. 21, pl. 4, figs 1, 4-5; pl. 8, fig. 3) from the Permian 
of Nepal is smaller and has a less incurved ventral umbo. 
 
Occurrence.— JL 4, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Subfamily GRANDAURISPININAE Lazarev, 1986a 
Genus Cancrinella Fredericks, 1928 
 
Type species.—Productus cancrini de Verneuil, 1845, p. 273, pl. 16, figs 8a-c; pl. 18, 
fig. 7 from Lower Permian of Kidash and Dioma rivers, Chidrova in Russia. 
 
Cancrinella Fredericks, 1928, p. 784, 791. 
Cancrinella Fredericks; Sarycheva, 1937, p. 78, 110. 
Cancrinella Fredericks; Muir-Wood and Cooper, 1960, p. 301. 
Cancrinella Fredericks; Grigoryeva, 1962, p. 47. 
Cancrinella Fredericks; Cooper and Grant, 1975, p. 1150. 
Cancrinella Fredericks; Archbold, 1983, p. 238. 
Cancrinella Fredericks; Shi and Waterhouse, 1996, p. 95. 
Cancrinella Fredericks; Chen and Shi, 2002, p. 311. 
Cancrinella Fredericks; Grunt and Afanasieva, 2006, p. 149. 
 
Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
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Cancrinella koninckiana (Verneuil, 1845) 
Plate 98, Figures 9-25; Plate 99, Figures 1-23 
 
1845  Productus koninckianus Verneuil, p. 274. 
1846  Productus koninckianus Verneuil; Keyserling, p. 203, pl. 4, fig. 4. 
1902  Productus konincki Verneuil; Tschernyschew, p. 629, pl. 34, figs 2-3. 
1932  Productus (Linoproductus) konincki Verneuil; Terra, p. 165, pl. 14, fig. 9. 
1963  Cancrinella koninckiana (Verneuil); Ustritsky, p. 84, pl. 14, figs 6-10. 
1964  Cancrinella koninckiana (Verneuil); Wang, Jin and Fang, p. 329, pl. 52, figs 
10-13, 16. 
1974  Cancrinella koninckiana (Verneuil); Kulikov, p. 87, pl. 3, fig. 3. 
1975  Cancrinella koninckiana (Verneuil); Stepanov et al., pl. 1, figs 7-8. 
1976  Cancrinella koninckiana (Verneuil); Lee and Gu, p. 262, pl. 166, fig. 8. 
1979  Cancrinella koninckiana (Verneuil); Liao, pl. 2, figs 27-28. 
1980  Cancrinella koninckiana (Verneuil); Lee, Gu and Su, p. 380, pl. 165, figs 21-23. 
1983  Cancrinella koninckiana (Verneuil); Zhang et al., p. 296, pl. 111, fig. 4. 
1984  Cancrinella koninckiana (Verneuil); Lee, Gu and Li, pl. 2, fig. 4. 
1985  Cancrinella koninckiana (Verneuil); Lee and Duan, p. 239, pl. 73, figs 7-8; pl. 
75, figs 6-8. 
1990  Cancrinella koninckiana (Verneuil); Tong et al., pl. 10, figs 2-3. 
1991  Cancrinella koninckiana (Verneuil); Pavlova et al., p. 116, pl. 26, fig. 4. 
1999  Cancrinella koninckiana (Verneuil); Fan and He, pl. 14, figs 17-25. 
 
Materials. —Thirty-five specimens. Registered specimens: ten ventral valves 
(NIGP (Cak 01-10)) and an external mould of dorsal valve (NIGP (Cak 11)). 
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Description.—Small to large in size for the genus, average length around 19 
mm and average width around 22 mm; subcircular to subelliptical in outline; strongly 
concavo-convex shell, slightly wider than long with greatest width around hinge; ears 
small; sides roundedly curved and steep; anterior margin broadly rounded; surface 
finely costate, with moderately developed rugae; spines on both valves. 
Ventral valve strongly convex in lateral profile, strongest convexity slightly 
posterior to midvalve; anterior profile moderately to highly domed with steep sides; 
visceral disk generally small and broadly triangular to subcircular in outline; hinge 
line not well preserved, usually marking greatest shell width; beak and umbo strongly 
incurved; umbonal region small, strongly incurved with short to moderately long 
umbonal slopes; flanks strongly inclined; ears small, most of them not well preserved, 
but well demarcated from visceral region by a small groove; cardinal extremities 
approximately right-angled; no median sulcus on ventral valve; trail moderately long, 
and gradually incurved; surface marked by weak concentric rugae and fine costae, 
rugae slightly stronger developed on ears and lateral slopes, weakly and irregularly 
extending onto venter; costae fine and closely spaced, seven to eight in 5 mm at 
midvalve, anteriorly increasing mostly by intercalation; spines numerous, generally 
swollen at base, forming very low angle to shell surface. 
Dorsal valve moderately to deeply concave with nearly abrupt geniculation; 
visceral disk large and broad; trail relatively long; ears small and nearly flat; no 
median fold on dorsal valve; surface finely costate with strong rugae on ears and 
lateral sides, rugae becoming weaker around visceral disk; dorsal spines observed, but 
much scarcer than those on ventral valve. 
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Ventral valve interior with dendritic adductor scars posteriorly placed, 
adductor scars not clear; dorsal valve interior with small cardinal process; other 
features not observed. 
 
Measurements (in mm): — (L = length, W = width, T = thickness, HW = 
hinge width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Cak 01) 
NIGP(Cak 02) 
NIGP(Cak 03) 
NIGP(Cak 04) 
NIGP(Cak 05) 
NIGP(Cak 06) 
NIGP(Cak 07) 
NIGP(Cak 08) 
NIGP(Cak 09) 
NIGP(Cak 10) 
NIGP(Cak 11) 
20.93 
22.95 
18.89 
20.20 
20.17 
21.14 
16.65 
19.37 
13.04 
15.92 
20.34 
21.63 
23.47 
20.84 
21.79 
23.93 
23.58 
19.10 
22.02 
17.32 
18.21 
27.51 
 
Discussion.—This species was proposed by Keyserling (1846, p. 203, pl. 4, 
fig. 4) from the Middle Permian of the Russian Platform. As described and discussed 
in the previous chapter, this species is common in southeastern Mongolia. The 
specimens from the Dzhirem-Ula section (described herein) are on average slightly 
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larger than the specimens from the Hovsugol area in southeastern Mongolia; however, 
all the other observed features are the same or highly comparable. 
 
Occurrence.— JL 1, 2, 3, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Cancrinella sp. 
Plate 99, Figures 24-26 
 
Materials. —One specimen. Registered specimen: one incomplete ventral 
valve (NIGP (Cas 01)). 
 
Description.—Shell seemingly large for genus, approximately 35.71 mm long 
and 36.91 mm wide (measured for the incomplete specimen); subcircular in outline; 
moderately convex in lateral profile, slightly wider than long with greatest width 
possibly around hinge; ears not preserved; surface costate and strongly rugate; spines 
broken, but spine bases large and numerous on the surface. 
Ventral valve moderately convex in lateral profile; sides gently sloping; 
visceral disk relatively small, broadly triangular in outline; hinge line not preserved; 
beak and umbo strongly incurved; umbonal region small, strongly incurved with short 
umbonal slopes; flanks gently to moderately inclined; ears broken; no distinct median 
sulcus on ventral valve, but a very wide or broad median depression visible on 
anterior half of ventral valve; trail long and gently incurved; surface marked by strong 
concentric rugae and coarse costae; costae rounded and interrupted by stong rugae and 
big spine bases; interspaces of costae slightly narrow; rugae strongly developed on 
whole surface, forming distinct reticulation; spine bases numerous, three to four in 5 
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mm at shell midlength, coarse and swollen at base, also forming a low angle to shell 
surface. 
No dorsal valve available at present study. 
Interiors of both valves not clear. 
 
Discussion.—This incomplete specimen is referrable to Cancrinella on 
account of its surface ornament, especially the stongly developed rugae and numerous 
spine bases. Usually species of Cancrinella do not have distinct median sulcus on 
their ventral valves, the broad median depression on the anterior half of ventral valve 
of the current described specimen is possibly formed by compression (deformation), 
and may not represent a true feature. 
This species is distinguished from any species described in previous chapter 
and above by its larger shell size, coarser costae, stronger rugae and bigger spine 
bases. 
 
Occurrence.— JL-E 6; Dzhirem-Ula section, Capitanian. 
 
Family MONTICULIFERIDAE Muir-Wood and Cooper, 1960 
Subfamily AURICULISPININAE Waterhouse, 1986a 
Genus Globiella Muir-Wood and Cooper, 1960 
 
Type species.—Productus hemisphaerium Kutorga, 1844, p. 99, pl. 10, fig. 2 from the 
Middle Permian, Russia. 
 
Globiella Muir-Wood and Cooper, 1960, p. 304. 
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Globiella Muir-Wood and Cooper; Grigorjewa et al., 1977, p. 163. 
Globiella Muir-Wood and Cooper; Archbold, 1983, p. 246. 
Globiella Muir-Wood and Cooper; Shi and Waterhouse, 1996, p. 98. 
Globiella Muir-Wood and Cooper; Brunton et al., 2000, p. 539. 
Globiella Muir-Wood and Cooper; Afanasjeva et al., 2003, p. 115. 
 
Discussion.— Globiella, as proposed by Muir-Wood and Cooper (1960, p. 
304), and discussed by Grigorjewa et al. (1977, p. 163), Archbold (1983, p. 246) and 
Shi and Waterhouse (1996, p. 98), has a medium sized shell, globose or hemispherical 
outline, small and poorly differentiated ears, greatest width along hinge line, steep 
anterior flanks, fine radial costae on both valves, spines only on ventral valve along 
the hinge, deeply impressed muscle field in ventral valve and small and trilobite 
cardinal process in dorsal valve. 
There are a few genera similar to Globiella in outline and external features. 
Linoproductus Chao (1927) differs from Globiella by its larger shell size, less 
hemispherical outline, distinct geniculate valves, coarser costellate, bigger and more 
frequent ventral body spines and dendritic adductor muscle scars. Stepanoviella 
(Zavodowsky, 1960c) resembles Globiella, but it is distinguished from the latter by 
having a more transverse outline, possessing two types of spines (recumbent and 
suberect spines) on ventral valve and having suberect spines on dorsal trail. 
 
Globiella reshetovi Manankov, 1998a 
Plate 100, Figures 1-12 
 
1998a Globiella reshetovi Manankov, p. 491, pl. 8, figs 20-24. 
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2003  Globiella reshetovi Manankov; Afanasjeva et al., p. 115, pl. 41, figs 16-17. 
 
Materials.—Four specimens. Registered specimens: three ventral valves 
(NIGP (Gre 01-03)). 
 
Description.—Shell small to medium in size, average length around 19 mm 
and average width around 26 mm; transversely subcircular to subovate in outline; 
moderately to strongly convex in lateral profile; wider than long, maximum width at 
hinge line; ears small and poorly differentiated; anterior margin broadly rounded; 
surface costate with spines only on ventral valve along hinge. 
Ventral valve moderately to strongly convex in lateral profile with gradually 
curved geniculation, convexity nearly even; visceral disk small and broadly triangular 
in outline; anterior profile moderately domed with evenly sloping sides; hinge line not 
well preserved, but equal to greatest shell width; umbo and beak strongly incurved; 
umbonal region relatively small with short and gentle umbonal slopes; lateral slopes 
moderately long and evenly steep; ears small and poorly differentiated from venter; 
no sulcus developed on ventral valve; surface costate, radial costae generally fine and 
straight, about 7-9 in 5 mm at midlength of shell, increasing in number by 
intercalation toward anterior margin; concentric rugae and plications weak and rare; 
some spine bases observed close to hinge margin. 
No dorsal valve collected at present study. 
Ventral valve interior with impressions of muscle scars observed, other 
features not clear. 
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Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Gre 01) 
NIGP(Gre 02) 
NIGP(Gre 03) 
18.53 
23.13 
14.96 
25.08 
31.19 
20.67 
 
Discussion.—This species was proposed by Manankov (1998a) based on 
materials from the Middle Permian (Roadian to Wordian) marine deposits of 
southeastern Mongolia. The specimens described here are slightly smaller in size than 
Manankov‘s specimens, but all the other features well agree with Manankov‘s 
description and illustrations. Though Manankov (1998a, p. 492) emphasized that there 
are two rows of spines along the hinge margin, however, as described above, this 
feature could not be confirmed due to the poorly preserved nature of our specimens. 
Cimmeriella costellata (Shi and Waterhouse, 1996, p. 98, pl. 15, figs 9-24; 
text figure 32) from the Upper Jungle Creek Formation (Sakmarian to Early 
Artinskian) of northern Yukon Territory, Canada has a similar outline and density of 
costae with G. reshetovi, but it differs in having a larger shell size, more transverse 
outline and possessing a more massive ventral umbo. 
 
Occurrence.— JL 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Suborder STROPHALOSIIDINA Schuchert, 1913 
Superfamily STROPHALOSIOIDEA Schuchert, 1913 
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Family STROPHALOSIIDAE Schuchert, 1913 
Subfamily STROPHALOSIINAE Schuchert, 1913 
Genus Strophalosia King, 1844 
 
Type species.— Strophalosia gerardi King, 1846, p. 92 (figured by King in 1850, p. 
96, pl. 19, figs 6-7) from Permian of Himalayas between Ladakh and Bisahar. 
 
Strophalosia King, 1844, p. 313. 
Strophalosia King, 1846, p. 92. 
Strophalosia Davidson, 1858, p. 38. 
Strophalosia Diener, 1899, p. 42. 
Strophalosia Licharew, 1913, p. 59. 
Strophalosia Fredericks, 1925, p. 9. 
Strophalosia Fredericks, 1931, p. 224. 
Strophalosia Sutton, 1938, p. 549. 
Strophalosia Licharew, 1939a, p. 96. 
Strophalosia Licharew, 1939b, p. 95. 
Strophalosia Sutton and Summerson, 1943, p. 324. 
Strophalosia Maxwell, 1954, p. 538. 
Strophalosia Dunbar, 1955, p. 80. 
Strophalosia Coleman, 1957, p. 112. 
Strophalosia Muir-Wood and Cooper, 1960, p. 72. 
Strophalosia Waterhouse, 1964, p. 27. 
Strophalosia Wang, Jin and Fang, 1964, p. 341. 
Strophalosia Waterhouse and Vella, 1965, p. 62. 
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Strophalosia Lee and Gu, 1976, p. 238. 
Strophalosia Grigorjewa, 1977, p. 42. 
Strophalosia Waterhouse, 1978, p. 61. 
Strophalosia Kalashnikov, 1980. 66. 
Strophalosia Lee, Gu and Su, 1980, p. 345. 
Strophalosia Waterhouse, 1981, p. 66. 
Strophalosia Archbold, 1986, p. 98. 
Strophalosia Clarke, 1990, p. 58. 
Strophalosia Archbold, 1990, p. 4. 
Strophalosia Liang, 1990, p. 146. 
Strophalosia Archbold et al., 1993, p. 28 (in microfilms). 
Strophalosia Briggs, 1998, p. 65. 
Strophalosia Brunton et al., 2000, p. 565. 
Strophalosia Afanasjeva et al., 2003, p. 111. 
 
Discussion.—King in 1844 (p.313) described a few species under 
Strophalosia, with no illustrations, nor designation of a type species. Although King 
later (King, 1850) figured his species for the first time, also chose a type species 
Orthis excavata (Geinitz, 1842, p. 578), but the selected type species name was later 
found to have been preoccupied by Orthothrix Geinitz (1847, p. 84). The confusion 
over the type species of Strophalosia did not get clarified until 1960, when Muir-
Wood and Cooper (1960) chose Strophalosia gerardi, one of the earliest species 
proposed by King, as the type for Strophalosia. 
As discussed by Grigorjewa (1977, p. 42), Archbold (1986, p. 98) and Briggs 
(1998, p. 65), the generic diagnostic features of Strophalosia  are as follow: shell 
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medium sized, outline subcircular to transversely oval, ears small and ill defined, 
lateral profile weakly concavoconvex, maximum width wider than hinge, ventral 
valve with suberect to erect and recumbent spines, interareas on both valves, ventral 
interarea wide and short, dorsal valve with few spines, more often with fine 
concentric ornament and impersistent costellae, medium septum long, reaching two-
thirds of disk length, cardinal process connected to medium septum. 
 
Strophalosia kharaerdensis Manankov, 1998a 
Plate 100, Figure 13 
 
1998a Strophalosia kharaerdensis Manankov, p. 486, pl. 8, figs 1-2. 
2003  Strophalosia kharaerdensis Manankov; Afanasjeva et al., p. 111, pl. 42, figs 
12-14. 
 
Materials.—One specimen. Registered specimen: one ventral valve (NIGP 
(Skh 01)). 
 
Description.—Medium sized shell for genus, the only specimen measured 
13.89 mm long and 15.47 mm wide; transversely oval in outline; moderately convex 
in lateral profile; slightly wider than long with greatest width close to midvalve; hinge 
width slightly narrower than maximum shell width; ears small and flat; anterior 
margin broadly rounded with anterior commissure not folded; spines observed but 
poorly preserved. 
Ventral valve moderately convex in lateral profile, maximum convexity 
around visceral disk or slightly anterior; visceral disk moderately large and evenly 
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convex in lateral view; lateral slopes gently to moderately steep; hinge line nearly 
straight, less than greatest shell width; ventral interarea wide and low; umbonal region 
small with short umbonal slopes; beak and umbo small, not well preversed; ears very 
small and nearly flat; no ventral sulcus developed; surface ornamentation of spines 
and concentric lamellae, poorly preserved, traces of suberect and recumbent spines 
observed. 
Dorsal valve and internal structures of both valves are not available because of 
insufficient materials at present collection. 
 
Discussion.—Strophalosia kharaerdensis was orriginally defined by 
Manankov in 1998a based on material from the Solonker Horizon (about Wordian to 
Capitanian) of the Mount Khara-Erdene-Ula and Mount Dzhirem-Ula in southeastern 
Mongolia. The present ventral valve from the Dzhirem-Ula section is smaller than 
Manankov‘s specimens, it is otherwsie consistent with Manankov‘s description and 
illustrations. 
Strophalosia perfecta (Waterhouse and Rao, 1989, p. 28, fig. 4) from the Bap 
Formation (Early Permian) of Peninsular India is similar to present species in aspects 
of shell size and general outline, but the Indian species has a higher ventral interarea 
and finer ventral spines. S. jimbaensis (Archbold, 1986, p. 102, figs 2A-G) from the 
Jimba Jimba Calcarenite (about Early Artinskian in age) of Carnarvon Basin in West 
Australia has a low ventral convexity close to S. kharaerdensis, but differs from the 
latter by its more transeverse outline and shorter hinge line. S. kharaerdensis 
resembles S. concentrica (Clarke, 1990, p. 60, figs 5H-R) from the Early Tamarian 
(Late Carboniferous to Early Permian) of Tasmania in Australia in its ornamentation, 
but is distinguished from the latter by its more transverse outline and possessing a 
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smaller ventral umbo. As pointed out by Manankov (1998a, p. 489), though there are 
some resemblances between S. kharaerdensis and S. pulchra (Lee et al., 1984, p. 71, 
pl. 1, fig. 13) from the Zhesi Formation (Wordian) of northern China, S. pulchra was 
only briefly described with poor illustrations, so preventing any meanful comparisons. 
 
Occurrence.— JL-E 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Subfamily DASYALOSIINAE Brunton, 1966 
Genus Wyndhamia Booker, 1929 
 
Type species.— Strophalosia (Wyndhamia) dalwoodensis Booker, 1929, p. 25, pl. 1, 
figs 1-5; pl. 3, figs 5, 7 from the Permian of New South Wales, Australia. 
 
Wyndhamia Booker, 1929, p. 24. 
Branxtonia Booker, 1929, p. 30. 
Wyndhamia Prendergast, 1943, p. 40. 
Wyndhamia Muir-Wood and Cooper, 1960, p. 89. 
Wyndhamia Waterhouse, 1964, p. 46. 
Wyndhamia Waterhouse and Vella, 1965, p. 63. 
Wyndhamia Waterhouse, 1969, p. 30. 
Wyndhamia Clarke, 1970a, p. 42. 
Wyndhamia Clarke, 1970b, p. 987. 
Pseudostrophalosia Clarke, 1970b, p. 987. 
Wyndhamia Dear, 1971, p. 9. 
Wyndhamia Zhang and Jin, 1976, p. 165. 
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Wyndhamia Grigorjewa, 1977, p. 50. 
Wyndhamia Waterhouse, 1982b, p. 38. 
Wyndhamia Waterhouse, 1986a, p. 33. 
Wyndhamia Archbold, 1987, p. 19. 
Wyndhamia Archbold, 1993, p. 13. 
Wyndhamia Archbold et al., 1993, p. 33 (in microfilms). 
Wyndhamia Briggs, 1998, p. 123. 
Wyndhamia Brunton et al., 2000, p. 574. 
Wyndhamia Afanasjeva et al., 2003, p. 112. 
 
Discussion.—Wyndhamia was first named by Booker (1929, p. 24) as a 
subgenus of Strophalosia with type species Strophalosia (Wyndhamia) dalwoodensis. 
This subgenus status of Strophalosia was accepted by Prendergast (1943, p. 40) and 
Zavodowsky (1960b, p. 68). However, Muir-Wood and Cooper validated it as a genus 
in 1960 and also provided a more detailed description. Then, this genus was further 
described and discussed by many authors, including Waterhouse (1964, p. 46), 
Waterhouse and Vella (1965, p. 63), Waterhouse (1969, p. 30), Clarke (1970a, p. 42; 
1970b, p. 987), Dear (1971, p. 9), Grigorjewa (1977, p. 50), Waterhouse, (1982b, p. 
38), Archbold (1987, p. 19; 1993, p. 13) and Briggs (1998, p. 123). The main features 
of Wyndhamia may be described as such: shell medium to large size, outline 
subquadrate, interareas short, surface with concentric ornament, rugose, weak or rare 
lamellae, spines on both valves, ventral adductor scars very elongate, cardinal process 
prominent, socket ridges short and dorsal disk bearing thickened shell anteriorly. 
Branxtonia Booker (1929, p. 30) with type species Branxtonia typica from the 
Permian of Branxton in New South Wales, Australia and Pseudostrophalosia Clarke 
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(1970b, p. 987) with type species Strophalosia brittoni from Early Permian 
(Sakmarian to Artinskian) in Queensland, Australia are considered to be synonyms of 
Wyndhamia as both type species are reassigned to the genus Wyndhamia (Brunton et 
al., 2000). 
 
Wyndhamia tjuvaevi Manankov, 1998a 
Plate 100, Figures 14-28 
 
1998a Wyndhamia tjuvaevi Manankov, p. 489, pl. 8, figs 3-5. 
2003  Wyndhamia tjuvaevi Manankov; Afanasjeva et al., p. 112, pl. 45, figs 21-22. 
 
Materials.—Twenty specimens. Registered specimens: eight ventral valves 
(NIGP (Wtj 01-08)) and one dorsal valve (NIGP (Wtj 09)). 
 
Description.—Medium sized Wyndhamia, with average length around 16 mm 
and average width around 21 mm; subquadrate to subrounded in outline; weakly to 
moderately convex in lateral profile; wider than long with widest part around 
midlength or slightly anterior; hinge line straight; ears moderately large and in low 
convexity; anterior margin broadly rounded; anterior commissure weakly depressed at 
middle; spines on both valves. 
Ventral valve weakly to moderately convex in lateral profile, maximum 
convexity around umbonal region; visceral disk usually evenly convex in lateral view; 
lateral slopes gently steep; hinge line very straight, slightly less than greatest shell 
width; ventral interarea very low; umbo and beak small and strongly incurved; 
umbonal region also small with very short umbonal slopes; ears moderately 
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developed and low in convexity, but poorly demarcated from umbonal slopes; 
generally no distinct ventral sulcus developed, but a few specimens possessing 
shallow and wide depression close to anterior margin, better observed in oblique light; 
surface ornamentation of ventral valve with spines and concentric growth lines; spines 
thickly clustered along hinge, ears and posterior lateral margins, body spines coarser 
anteriorly; very low, broad and weak costae observed on anterior part of some ventral 
valves. 
Dorsal valve slightly concave, deepest around visceral disk; dorsal interarea 
extremely low; no median fold observed on dorsal valve; surface with distinct 
concentric growth lines and spines, spines fewer than those on ventral valve. 
Ventral valve interior with elongate adductor muscle scars bisected by low 
median ridge; dorsal valve interior with very faint muscle scars and brachial ridges 
observed; cardinal process poorly preserved. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP(Wtj 01) 
NIGP(Wtj 02) 
NIGP(Wtj 03) 
NIGP(Wtj 04) 
NIGP(Wtj 05) 
NIGP(Wtj 06) 
NIGP(Wtj 07) 
19.34 
19.12 
17.54 
14.05 
18.23 
13.02 
15.99 
23.93 
23.66 
19.99 
18.11 
25.66 
17.16 
23.21 
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NIGP(Wtj 08) 
NIGP(Wtj 09) 
14.18 
13.94 
18.12 
18.58 
 
Discussion.—Manankov (1998a) established Wyndhamia tjuvaevi based on 
material from the Solonker Horizin in southeastern Mongolia. Most of his specimens 
are incomplete and poorly preserved, with no details of ventral internal structures 
provided. Except the specimens described here are slightly larger (averagely) than 
Manankov‘s description, other features well agree with Manankov‘s original 
definition, though the specimens are not well preserved too. 
Wyndhamia colemani (Archbold, 1987, p. 20, figs 1A-P, 2A-N, 3A-F) from 
the Madeline Formation (Artinskian) of the Carnarvon Basin in Westerm Australia 
has a similar subquadrate outline with W. tjuvaevi, but it differs from the latter by its 
much larger shell size, more than two times, and distinctly geniculate dorsal valve. W. 
sphenarctica (Waterhouse, 1969, p. 31, pl. 7, figs 1-4, 6, 8, 10-11, 13; pl. 8, figs 1-15; 
text-figure 1) from the Permian of the Canadian Arctic Archipelago resembles W. 
tjuvaevi in overall outline, but differs in possessing a wider visceral cavity, less dense 
spines over the ventral valve and a much bigger shell size. W. blakei described by 
Dear (1971, p. 9, pl. 2, figs 10-11; pl. 3, figs 1-4) from the Permian faunas of the Back 
Creek Group in the Bowen Basin of Queensland, Australia is distinguished by its 
predominantly elongate outline and narrow hinge line. Specimens named as W. 
circularis by Chang (in Zhang and Jin, 1976, p. 166, pl. 2, figs 1-15; text-figure 3) 
from the Selong Group (Middle to Late Permian) of southern Tibet, China is readily 
distinguished from the current species by having a huge shell size, circular outline and 
a lack of distinct brachial ridges. 
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Occurrence.— JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Suborder LYTTONIIDINA Williams, Harper and Grant, 2000 
Superfamily LYTTONIOIDEA Waagen, 1883 
Family LYTTONIIDAE Waagen, 1883 
Subfamily LYTTONIINAE Waagen, 1883 
Genus Leptodus Kayser, 1883 
 
Type species.—Leptodus richthofeni Kayser, 1883, p. 161, pl. 21, figs 9-11 from the 
Upper Permian of Jiangxi (Loping), South China. 
 
Leptodus Kayser, 1883, p. 161. 
Lyttonia Waagen, 1883, p. 396. 
Lyttonia Noetling, 1905, p. 132. 
Lyttonia Watson, 1917, p. 218. 
Leptodus Girty, 1908, p. 211. 
Lyttonia King, 1931, p. 102. 
Lyttonia Huang, 1932, p. 85. 
Lyttonia Licharew, 1932, p. 55. 
Lyttonia Licharew, 1939a, p. 100. 
Leptodus Stehli, 1954, p. 306. 
Leptodus Thomas, 1957, p. 175. 
Leptodus Sarytcheva et al., 1960, p. 238. 
Leptodus Yang et al., 1962, p. 89. 
Leptodus Sarytcheva, 1964, p. 63. 
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Leptodus Wang, Jin and Fang, 1964, p. 222. 
Leptodus Waterhouse and Piyasin, 1970, p. 134. 
Leptodus Cooper and Grant, 1974, p. 411. 
Leptodus Lee and Gu, 1976, p. 266. 
Leptodus Grant, 1976, p. 161. 
Leptodus Feng and Jiang, 1978, p. 269. 
Leptodus Tong, 1978, p. 237. 
Leptodus Lee, Gu and Su, 1980, p. 389. 
Leptodus Wang et al., 1982, p. 229. 
Leptodus Ding and Qi, 1983, p. 297. 
Leptodus Liao, 1987, p. 107. 
Leptodus Liang, 1990, p. 223. 
Leptodus Sun, 1991, p. 236. 
Leptodus Williams, Harper and Grant, 2000, p. 631. 
Leptodus Wang and Zhang, 2003, p. 118. 
Leptodus Campi et al., 2005, p. 124. 
 
Discussion.— Following Williams et al. (2000) and also Wang and Zhang 
(2003), here we also consider Lyttonia Waagen, 1883, Lyttonia (Digitia) Gregorio, 
1930, Lyttonia (Irma) Gregorio, 1930, Lyttonia (Vincia) Gregorio, 1930, ?Lyttonia 
(Prisca) Gregorio, 1930, Gubleria Termier and Termier, 1960, Spinolyttonia 
Sarytcheva, 1964 and Semigublerina Liang, 1990 all as junior synonyms of Leptodus. 
Oldhamina Waagen (1883, p. 403) is similar to Leptodus, but differs in having 
a much stronger convexity longitudinally. The major distinction between Eolyttonia 
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Fredericks, 1924a and Leptodus is that the former has a conical to subconical ventral 
valve and no muscle scars inside. 
 
Leptodus nobilis (Waagen, 1883) 
Plate 101, Figure 1 
 
1883  Lyttonia nobilis Waagen, p. 398, pl. 29, figs 1-3; pl. 30, figs 1-2, 5-6, 8, 10-11. 
1883  Lyttonia tenuis Waagen, p. 401, pl. 30, figs 3-4, 7, 9. 
1897a Lyttonia nobilis Waagen; Diener, p. 37, pl. 1, figs 5-7. 
1904  Lyttonia tenuis Waagen; Noetling, p. 112, text-figures 4-7. 
1905  Lyttonia nobilis Waagen; Noetling, p. 140, pl. 17, figs 1-2; pl. 18, figs 1-11; 
text-figure 2. 
1912  Lyttonia cf. tenuis Waagen; Mansuy, p. 19, pl. 4, fig. 4; pl. 5, figs 1a-e. 
1913  Lyttonia nobilis Waagen; Mansuy, p. 123, pl. 13, figs 10. 
1914  Lyttonia nobilis Waagen; Mansuy, p. 32, pl. 6, figs 7a-d; pl. 7, figs 1a-e. 
1915  Lyttonia nobilis Waagen; Diener, p. 99, pl. 10, fig. 15. 
1916  Oldhamina (Lyttonia) richthofeni var. nobilis Waagen; Fredericks, p. 76, pl. 4, 
fig. 2; text-figure 22. 
1924  Lyttonia nobilis Waagen; Albrecht, p. 289, figs 1a-b. 
1931  Lyttonia nobilis Waagen; Grabau, p. 285, pl. 28, figs 4-5 only. 
1932  Lyttonia nobilis Waagen; Huang, p. 89, pl. 7, figs 9-10; pl. 8, figs 8-9; pl. 9, figs 
1-8, text-figures 8-11. 
1933  Lyttonia nobilis Waagen; Huang, p. 93, pl. 11, fig. 22. 
1933  Lyttonia nobilis Waagen; Simic, p. 49, pl. 4, fig. 1. 
1935  Leptodus nobilis (Waagen); Wanner, p. 249, pl. 9, figs 27-28, text-figures 16-18. 
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1936  Lyttonia cf. tenuis Waagen; Huang, p. 493, pl. 1, fig. 6. 
1936  Lyttonia cf. nobilis Waagen; Huang, p. 493, pl. 1, fig. 5. 
1955  Leptodus nobilis (Waagen); Wang, p. 152, pl. 87, figs 1, 3. 
1957  Leptodus cf. nobilis (Waagen); Thomas, p. 177, pl. 20, figs 1-6. 
1958  Leptodus nobilis (Waagen); Ramovs, p. 497, pl. 2, fig. 3; pl. 10, fig. 3. 
1960  Leptodus nobilis (Waagen); Termier and Termier, p. 241, pl. 3, figs 1-10. 
1961  Leptodus nobilis (Waagen); Chi-Thuan, p. 274, pl. 1, figs 1a-b. 
1962  Leptodus nobilis (Waagen); Chi-Thuan, p. 488, pl. 1, fig. 1. 
1962  Leptodus nobilis (Waagen); Yang et al., p. 90, pl. 37, fig. 4. 
1963  Leptodus nobilis (Waagen); Schreter, p. 107, pl. 3, figs 5-8. 
1964  Leptodus nobilis (Waagen); p. 504, pl. 1, fig. 1; pl. 2, fig. 1. 
1964  Leptodus nobilis (Waagen); Sarytcheva, p. 65, pl. 7, figs 5-8, text-figure 1. 
1964  Leptodus nobilis (Waagen); Wang, Jin and Fang, p. 223, pl. 34, figs 3, 7. 
1965  Leptodus nobilis (Waagen); Ruzhentsev and Sarytcheva, pl. 39, figs 6-8. 
1974  Leptodus nobilis (Waagen); Cooper and Grant, p. 411, pl. 191, figs 8-9. 
1976  Leptodus nobilis (Waagen); Grant, pl. 43, figs 18-19. 
1976  Leptodus nobilis (Waagen); Lee and Gu, p. 267, pl. 162, figs 1-2. 
1976  Leptodus nobilis (Waagen); Tazawa, pl. 2, fig. 8. 
1977  Leptodus nobilis (Waagen); Yang et al., p. 371, pl. 147, fig. 5. 
1978  Leptodus nobilis (Waagen); Feng and Jiang, p. 269, pl. 100, fig. 2. 
1978  Leptodus nobilis (Waagen); Tong, p. 238, pl. 83, fig. 8. 
1978  Leptodus nobilis (Waagen); Licharew and Kotljar, pl. 14, figs 13-15. 
1979  Leptodus nobilis (Waagen); Jin et al., p. 82, pl. 23, fig. 15. 
1979  Leptodus nobilis (Waagen); Minato et al., pl. 66, figs 1, 4-5. 
1979  Leptodus nobilis (Waagen); Zhan, p. 93, pl. 9, fig. 12. 
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1980  Leptodus nobilis (Waagen); Lee, Gu and Su, p. 389, pl. 172, figs 15-16. 
1980  Leptodus nobilis (Waagen); Liao, pl. 6, figs 42-43. 
1982  Leptodus nobilis (Waagen); Wang et al., p. 229, pl. 95, fig. 20. 
1982  Leptodus nobilis (Waagen); Zhan and Wu, pl. 4, fig. 4. 
1982  Leptodus nobilis (Waagen); Liu et al., p. 190, pl. 136, fig. 11. 
1983  Leptodus nobilis (Waagen); Ding and Qi, p. 297, pl. 102, figs 7-8. 
1983  Leptodus nobilis (Waagen); Zhang et al., p. 297, pl. 102, figs 7-8. 
1984  Leptodus nobilis (Waagen); Yang, p. 226, pl. 35, fig. 12. 
1984  Leptodus nobilis (Waagen); Lee et al., pl. 2, fig. 19. 
1985  Leptodus tenuis (Waagen); Duan and Li, p. 119, pl. 35, figs 14-16. 
1985  Leptodus nobilis (Waagen); Gu and Zhu, pl. 1, figs 31, 33-34. 
1986  Leptodus nobilis (Waagen); Liao and Meng, p. 81, pl. 2, figs 24-25. 
1986  Leptodus nobilis (Waagen); Lee et al., pl. 5, fig. 6. 
1986  Leptodus nobilis (Waagen); Sremac, p. 30, pl. 10, figs 1-2. 
1987  Leptodus nobilis (Waagen); Tazawa, fig. 1.11. 
1987  Leptodus nobilis (Waagen); Xu, pl. 14, fig. 4. 
1989  Leptodus nobilis (Waagen); Kotljar in Kotljar and Zakharov, pl. 20, fig. 6; pl. 
23, fig. 12. 
1990  Leptodus nobilis (Waagen); Liang, p. 225, pl. 40, figs 1, 5. 
1990  Leptodus tenuis (Waagen); Liang, p. 226, pl. 40, fig. 9. 
1990  Leptodus tenuis (Waagen); Zhu, p. 79, pl. 18, figs 19-21. 
1994  Leptodus nobilis (Waagen); Fang and Fan, p. 83, pl. 23, figs 1-3; pl. 30, fig. 5. 
1994  Leptodus tenuis (Waagen); Fang and Fan, p. 83, pl. 23, figs 4-5; pl. 30, fig. 6. 
1994  Leptodus nobilis (Waagen); Leman, pl. 1, figs 3-4. 
1995  Leptodus nobilis (Waagen); Zeng et al., pl. 11, fig. 3. 
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1998  Leptodus nobilis (Waagen); Tazawa and Matsumoto, p. 7, pl. 2, figs 7-12. 
1998  Leptodus nobilis (Waagen); Tazawa, Ono and Hori, p. 241, figs 2.1, 2.2. 
1999  Leptodus nobilis (Waagen); Kato et al., p. 47, figs 4a-b. 
2000  Leptodus nobilis (Waagen); Tazawa, figs 3.14-3.15, 7.1a-7.1b. 
2001  Leptodus nobilis (Waagen); Tazawa, p. 297, figs 7.13-7.16. 
2001  Leptodus nobilis (Waagen); Tazawa and Ibaraki, p. 11, pl. 1, figs 7-10. 
2002  Leptodus nobilis (Waagen); Shen et al., p. 678, fig. 5.28. 
2002  Leptodus nobilis (Waagen); Tazawa, fig. 10.14. 
2003  Leptodus nobilis (Waagen); Tazawa, p. 31, figs 4.1, 4.2. 
2003  Leptodus nobilis (Waagen); Wang and Zhang, p. 118, pl. 22, figs 13-18. 
2005  Leptodus nobilis (Waagen); Campi et al., p. 125, pl. 4, figs A-B. 
 
Materials.—One specimen. Registered specimen: an internal mould of ventral 
valve (NIGP (Lno 01)). 
 
Description.—Shell measured 37.83 mm long and 30.63 mm wide; 
longitudinally oval to scoop-shaped in outline; low in convexity in lateral view; 
longer than wide, greatest width around shell midlength; anterior margin broadly 
rounded. 
Ventral valve nearly flat or slightly convex in both lateral and anterior profiles; 
lateral slopes very gentle; umbonal region not well preserved; median region evenly 
convex to anterior margin. 
Ventral interior with regularly and nearly synmmetrical arranged lateral septa 
on both sides of median septum; median septum moderately developed and slightly 
curved at anterior part; lateral septa broad, solid and straight to slightly arched toward 
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front, numbering 10-11 on each side of median septum; lateral septa 2.5-3.0 mm in 
thickness, interspaces about 1.6-2.1 mm in width. 
 
Discussion.—This specimen has a medium shell size, low convex on ventral 
valve with wide and nearly straight lateral septa, and it looks identical to the type of 
Leptodus nobilis (Waagen, 1883, p. 398, pl. 29, figs 1-3; pl. 30, figs 1-2, 5-6, 8, 10-11) 
from the Wargal and Chhidru formations (Wordian to Changhsingian) of the Salt 
Range, Pakistan. It mostly resembles figure 1 in plate 30 of Waagen‘s illustrations, 
especially for the general outline and slightly curved median septum. 
Leptodus richthofeni (Kayer,, 1883, p. 161, pl. 21, figs 9-11) from the Upper 
Permian of Jiangxi (Loping), South China, also refigured by Cooper and Grant (1974, 
p. 411, pl. 191, figs 11-13), is very similar to the present species in shell outline and 
ventral internal feature of the lateral septa, but it differs from the latter in having a 
more convex ventral valve, larger shell size, higher lateral septa and much wider 
interseptal spaces. L. abscissus (Gu and Zhu, 1985, p. 87, pl. 1, fig. 30) from the 
Lower Permian of Inner Mongolia is distinguished by its smaller size and fewer 
lateral septa. 
As can be seen from the above long list of synonyms, Leptodus nobilis has a 
wide distribution during the Permian, it has been repeatedly recorded from the 
Palaeoequatorial Realm and its peripheral (transitional) zones with Gondwana and 
Boreal realms. 
 
Occurrence.— JL-E 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Subfamily POIKILOSAKINAE Williams, 1953b 
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Genus Poikilosakos Watson, 1917 
 
Type species.— Poikilosakos petaloides Watson, 1917, p. 215, pl. 14, figs 1-5 from 
the Cisco Beds, Upper Coal-measures, Graham of Texas, USA. 
 
Poikilosakos Watson, 1917, p. 212. 
Poikilosakos Dunbar and Condra, 1932, p. 270. 
Poikilosakos Wanner, 1935, p. 212. 
Poikilosakos Licharew, 1939a, p. 100. 
Poikilosakos Williams, 1953b, p. 287. 
Poikilosakos s Stehli, 1954, p. 306. 
Poikilosakos Sarytcheva et al., 1960, p. 238. 
Poikilosakos Sarytcheva, 1964, p. 70. 
Poikilosakos Cooper and Grant, 1974, p. 389. 
Poikilosakos s Tazawa and Takaizumi, 1987, p. 11. 
Poikilosakos Williams, Harper and Grant, 2000, p. 636. 
 
Discussion.—This rare genus, Poikilosakos, was proposed by Watson (1917, p. 
212) from Graham of Texas, USA. Dunbar and Condra (1932, p. 270) regarded 
Poikilosakos as primitive oldhaminids and cited Fredericks‘ view that the family 
Lyttoniidae arose from Marginifera. However, because Poikilosakos is so specialized 
and no transitional forms between Marginifera and Poikilosakos have been 
discovered, Fredericks‘ hypothesis remains as a speculation. 
The diagnostic characters of Poikilosakos are: small shell with a nearly flat 
ventral valve; dorsal valve much reduced and highly irregular; hinge very narrow; 
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ventral interior with a few lobes pointing anteriorly and laterally and ventral muscle 
scars somewhat asymmetric. Pseudoleptodus Stehli (1954, p. 311) resembles 
Poikilosakos in general outline, but it is distinguished from the latter mainly by its 
much more and symmetrical lobes in ventral valve. 
Except the type species, several other species of Poikilosakos, including P. 
tschernyschewi Fredericks (1926b), P. variabile Wanner (1935), P. plana (Ivanova, 
1958), P. secunda (Ivanova, 1958), P. dzhulfensis (Sarytcheva, 1964), P. informis 
Cooper and Grant (1974), P. sp. Cooper and Grant (1974) and P. kamiyassensis 
Tazawa and Takaizumi (1987) have been reported from North America, Asia and 
Russia. 
 
Poikilosakos cf. kamiyassensis Tazawa and Takaizumi, 1987 
Plate 101, Figures 2-3 
 
1987  Poikilosakos cf. kamiyassensis Tazawa and Takaizumi, p. 12, figs 3.1a-3.7c. 
 
Materials.—Two specimens. Registered specimens: two incomplete internal 
moulds of ventral valves (NIGP (Pka 01-02)). 
 
Discussion.—The current species is represented by two incomplete, poorly 
preserved internal moulds of ventral valve, and the measurements of them are hard. 
The ventral valve interior is flat with four lateral lobes. Lateral lobes are moderately 
long and slightly inclined. Interspaces between lobes are narrow and shallow. These 
characteristics suggest Poikilosakos kamiyassensis (Tazawa and Takaizumi, 1987, p. 
12, figs 3.1a-3.7c) commonly found in the lower Lower Kanokura Formation 
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(Wordian in age) of Kamiyasse, southern Kitakami Mountains in northeast Japan. The 
Japanese species appears to be variable in shell size and to have less lateral lobes. 
Also the lateral lobes are more irregular and slightly curved in outline. But both 
Japanese species and current species are similar in having a flat ventral interior and 
wide lateral lobes. 
Poikilosakos dzhulfensis (Sarytcheva, 1964, p. 70, pl. 8, figs 7-9) from the 
Permian of Trans-Caucasia, Russia is smaller than the Mongolian specimens and has 
more regularly curved lateral lobes, but is similar in the number of lateral lobes. The 
type species, P. petaloides (Watson, 1917, p. 215, pl. 14, figs 1-5) from the Cisco 
Beds, Upper Coal-measures, Graham of Texas, USA is easily distinguished from P. cf. 
kamiyassensis by its less and massive lateral lobes. 
 
Occurrence.— JL-E 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Order ORTHOTETIDA Waagen, 1884 
Suborder ORTHOTETIDINA Waagen, 1884 
Superfamily ORTHOTETOIDEA Waagen, 1884 
Family SCHUCHERTELLIDAE Williams, 1953a 
Subfamily STREPTORHYNCHINAE Stehli, 1954 
Genus Arctitreta Whitfield, 1908 
 
Type species.— Arctitreta pearyi Whitfield, 1908, p. 57, pl. 2, figs 1-4 from the 
Kungurian beds of Cape Sheridan, Ellesmere Island, Canadian Arctic Archipelago. 
 
Arctitreta Whitfield, 1908, p. 57. 
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Arctitreta Waterhouse, 1978, p. 22. 
Arctitreta Waterhouse, 1986a, p. 19. 
Arctitreta Manankov in Pavlova et al., 1991, p. 93. 
Arctitreta Shi and Waterhouse, 1996, p. 46. 
Arctitreta Angiolini et al., 1997, p. 386. 
Arctitreta Williams and Brunton, 2000, p. 667. 
Arctitreta Afanasjeva et al., 2003, p. 97. 
 
Discussion.— The detailed discussion of this genus is given in the previous 
chapter. 
 
Arctitreta kempei (Andersson in Wiman, 1914) 
Plate 101, Figure 4 
 
1914  Streptorhynchus kempei, Andersson in Wiman, p. 58, pl. 10, figs 22-27; pl. 11, 
figs 1-10; pl. 12, figs 1-8; pl. 13, figs 11-13. 
1931  Streptorhynchus kempei, Andersson; Frebold, p. 19, 29, 41, pl. 6, figs 1-3. 
1937a Streptorhynchus kempei, Andersson; Stepanov, p. 109, pl. 1, figs 2, 6. 
1955  Streptorhynchus kempei, Andersson; Dunbar, p. 63, pl. 1, figs 1-13; pl. 32, figs 
9-10. 
1960  Streptorhynchus kempei, Andersson; Harker and Thorsteinsson, p. 50, pl. 15, 
figs 1-6. 
1971  Arctitreta cf. A. kempei (Andersson); Brabb and Grant, p. 14, pl. 2, figs 21-22, 
25. 
1971  Arctitreta kempei (Andersson); Stehli and Grant, p. 510, pl. 61, figs 9-26. 
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1979  Arctitreta kempei (Andersson); Manankov, p. 76, pl. 6, figs 1-4. 
1991  Arctitreta kempei (Andersson); Pavlova in Pavlova et al., p. 94, pl. 22, figs 10-
11. 
2003  Arctitreta kempei (Andersson); Afanasjeva et al., p. 97, pl. 36, figs 5-6. 
 
Materials.—One specimen. Registered specimen: one ventral valve (NIGP 
(Ark. 01)). 
 
Description.—Medium size for genus, measured 20.90 mm in length and 
19.01 mm in width; triangular in outline; low in convexity in lateral profile; maximum 
width at anterior third of shell; cardinal extremities subrounded; anterior margin 
broadly rounded; surface finely costate. 
Ventral valve weakly convex in both lateral and anterior profiles, most convex 
at around posterior third of shell length; umbonal region gently convex; umbo not 
well preserved, umbonal slopes short and incomplete; hinge line narrower than 
greatest shell width, about two thirds of shell width; lateral slopes long and gentle; no 
ventral median sulcus; surface with fine radial costae and weak concentric rugae; 
costae narrowly rounded with slightly wider interspaces, increasing in number by 
intercalation, nine in 5 mm over midlength of ventral valve; costae on anterior margin 
poorly preserved; concentric rugae low and weak, about four on ventral valve. 
No dorsal valve available from the Dzhirem-Ula section. 
 
Discussion.—This specimen is very close or nearly the same as the same 
species described in the previous chapter from the Hovsugol section in southeastern 
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Mongolia. The detailed distinctions between A. kempei and other species are 
discussed in previous chapter. 
 
Occurrence.— JL 2; Dzhirem-Ula section, Roadian to Wordian. 
 
Genus Streptorhynchus King, 1850 
 
Type species.— Terebratulites pelargonatus Schlotheim, 1816, p. 28, pl. 8, figs 21-24 
from the Upper Permian of Zechstein, Germany. 
 
Streptorhynchus King, 1850, p. 107. 
Streptorhynchus Girty, 1908, p. 175. 
Streptorhynchus Sokolskaja, 1954, p. 168. 
Streptorhynchus Thomas, 1958, p. 38. 
Streptorhynchus Sarytcheva et al., 1963, p. 89. 
Streptorhynchus Waterhouse and Piyasin, 1970, p. 103. 
Streptorhynchus Cooper and Grant, 1974, p. 326. 
Streptorhynchus Grant, 1976, p. 48. 
Streptorhynchus Manankov, 1979, p. 67. 
Streptorhynchus Manankov, 1983, p. 34. 
Streptorhynchus Williams and Brunton, 2000, p. 667. 
Streptorhynchus Afanasjeva et al., 2003, p. 97. 
Streptorhynchus Grunt and Afanasjeva, 2006, p. 122. 
 
436  
Discussion.— The detailed discussion of this genus is given in the previous 
chapter. 
 
Streptorhynchus broilii Grabau, 1931 
Plate 101, Figures 5-7 
 
1931  Streptorhynchus broilii Grabau, p. 245, pl. 24, figs 3-4. 
1964  Streptorhynchus broilii Grabau; Wang, Jin and Fang, p. 216, pl. 33, figs 16-18. 
1987  Streptorhynchus broilii Grabau; Chang, p. 756, pl. 1, fig. 23. 
 
Materials.—Seven specimens. Registered specimens: two ventral valves 
(NIGP (Sbr. 01-02)) and one external mould of ventral valve (NIGP (Sbr. 03)). 
 
Description.—Small to medium size for genus, average length around 22 mm 
and average width around 23 mm; subcircular to elliptical in outline; weakly convex 
in both lateral and anterior profiles; slightly wider than long or nearly equal with the 
widest part around midlength or slightly anterior; hinge line shorter than shell width, 
about half of it; cardinal extremities obtusely angular; anterior margin rounded; 
anterior commissure variable, from rectimarginate to slightly folded; surface finely 
costellae. 
Ventral valve weakly convex in lateral profile, slightly more convex in 
posterior half of shell than anterior half of shell; beak and umbo not preserved; 
interarea of ventral valve mostly covered by sediments; lateral slopes long and very 
gentle; no ventral sulcus developed; surface costellae rather strong, about nine to 
eleven in 5 mm at midlength of shell, eight to ten in 5 mm at anterior margin, 
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increasing in number by intercalation; crest of costellae narrowly rounded with 
interspaces between costellae slightly wider, about 1 to 1.5 mm in width at anterior 
margin; a few weak concentric lines of growth observed. 
No reliable dorsal valve at this study; interior characteristics mostly unknown. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP (Sbr 01) 
NIGP (Sbr 02) 
NIGP (Sbr 03) 
20.89 
18.63 
27.63 
20.70 
16.73 
30.82 
 
Discussion.—Streptorhynchus broilii has been reproted from the Zhesi 
Formation (Jisu Honguer) of Middle Permian age in Inner Mongolia, north China, as 
well as from the Early to Middle Permian of south and southwest China (Wang et al., 
1964; Chang, 1987). The specimens from the Dzhirem-Ula section of southeastern 
Mongolia are larger than those from south and southwest China, but about same size 
as those described by Grabau (1931) from Inner Mongolia. Both Wang et al. (1964, p. 
216) and Chang (1987, p. 756) considered that the small specimens are 
representatives of the younger stage of S. broili. 
Regarding the variable shell size of Streptorhynchus broilii, S. khwaense 
(Grant, 1976, p. 49, pl. 7, figs 1-41) from the Permian (Wordian) of southern Thailand 
is closely related, as the Thailand species varies greatly in size, ranging from 3 mm to 
26 mm in shell length, but the Mongolian species is distinguished by its more rounded 
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shell outline and less dense costellae. The surface ornamentation of S. broili also 
resembles S. meridionalis Manankov (1983, p. 35, pl. 1, figs 3-7; Afanasjeva et al., 
2003, p. 97, pl. 36, figs 7-11) from the Bajansajrinskij Horizon of the Visean 
(Carboniferous) in the Deng-Nuru Range of southern Mongolia, but S. broili differs 
by its much smaller shell size, about half or less than half of S. meridionalis, and a 
less convex ventral valve. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Streptorhynchus sp. 
Plate 101, Figures 8-9 
 
Materials.—Two specimens. Registered specimens: one external mould of 
ventral valve (NIGP (Stp. 01)) and one external mould of dorsal valve (NIGP (Stp. 
02)). 
 
Discussion.—This species is represented by two large sized shells, one 
external mould of ventral valve and the other an external mould of dorsal valve. Both 
specimens are incomplete, about 35─41 mm long and 45─48 mm wide. The outline is 
transversely circular for the ventral valve and semicircular for the dorsal valve. The 
greatest width is probably at the midvalve or slightly anterior to it. The ventral valve 
is strongly and unevenly convex in lateral profile, most convex at around posterior 
half of the shell. The convexity of dorsal valve is moderate with a nearly straight 
hinge line. The costellae are densely and regularly spaced with narrow interspaces, 
increasing in number by intercalation. About nine to ten costellae are counted in the 
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space of 5 mm at the midlength and seven to nine in 5 mm at anterior margin. The 
interiors of both valves are largely not preserved, only some obscure, subcircular 
muscle fields are presented. 
Obviously, this species is much larger than the species described above as 
Streptorhynchus broilii; moreover, the latter differs in having a very low convexity in 
ventral valve. Compared to the species described in the prevous chapter as S. sp., the 
current species is more rounded in outline and more convex in both lateral and 
anterior views. 
 
Occurrence.—JL-E 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Order RHYNCHONELLIDA Kuhn, 1949 
Superfamily STENOSCISMATOIDEA Oehlert, 1887 
Family STENOSCISMATIDAE Oehlert, 1887 
Subfamily STENOSCISMATINAE Oehlert, 1887 
Genus Stenoscisma Conrad, 1839 
 
Type species.— Terebratula schlottheimii Buch, 1834, p. 59, pl. 2, figs 32a-c from the 
Middle Zechstein (Upper Permian), Germany. 
 
Stenoscisma Conrad, 1839, p. 59. 
Stenoscisma Stehli, 1954, p. 338. 
Stenoscisma Grant, 1965, p. 138. 
Stenoscisma Cooper and Grant, 1976a, p. 2081. 
Stenoscisma Waterhouse, 1980, p. 52. 
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Stenoscisma Waterhouse, 1981, p. 91. 
Stenoscisma Abramov and Grigorjeva, 1983, p. 106. 
Stenoscisma Shen et al., 2000, p. 744. 
Stenoscisma Carlson and Grant, 2002, p. 1219. 
Stenoscisma Afanasjeva et al., 2003, p. 72. 
 
Discussion.— The detailed discussion of this genus is given in the previous 
chapter. 
 
Stenoscisma margaritovi (Tschernyschew, 1888) 
Plate 101, Figures 10-19; Plate 102, Figures 1-10 
 
1888  Camarophoria margaritovi Tschernyschew, p. 355, figs 1-3. 
1922  Camarophoria humbletonensis Howse; Hayasaka, p. 62, pl. 9, figs 10-12; pl. 10, 
fig. 9. 
1924a Camarophoria margaritovi Tschernyschew; Fredericks, p. 48, pl. 1, figs 32-42, 
text-fig. 4. 
1939a Camarophoria margaritovi Tschernyschew; Licharew, p. 102, pl. 24, figs 10-
11. 
1966  Camarophoria humbletonensis Howse; Hayasaka, p. 1226, text-figs 6-8. 
1976  Stenoscisma humbletonensis (Howse); Tazawa, pl. 2, figs 9-10. 
1976  Stenoscisma gigantea (Diener); Lee and Gu, p. 272, pl. 176, fig. 3; pl. 177, fig. 
18. 
1978  Stenoscisma margaritovi (Tschernyschew); Licharew and Kotljar, pl. 17, figs 
7a-7b. 
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1979  Stenoscisma humbletonensis (Howse); Minato et al., pl. 66, figs 6-8. 
1979b Stenoscisma margaritovi (Tschernyschew); Koczyrkevicz, p. 50, pl. 11, figs 5-
6. 
1980  Stenoscisma gigantea (Diener); Lee et al., p. 395, pl. 173, figs 6, 8. 
1980  Stenoscisma purdoni (Davidson); Lee et al., p. 395, pl. 173, figs 4, 5, 7. 
1980  Stenoscisma gigantea elongatum Lee et al., p. 395, pl. 173, figs 1-2. 
1985  Stenoscisma margaritovi (Tschernyschew); Duan and Li, p. 120, pl. 43, figs 5-8. 
1987  Stenoscisma sp. Horikoshi et al., p. 142. 
1992  Stenoscisma sp. Kamada and Takizawa, table l. 
1998  Stenoscisma margaritovi (Tschernyschew); Tazawa and Matsumoto, p. 9, pl. 2, 
figs 1-5. 
2000  Stenoscisma margaritovi (Tschernyschew); Tazawa, fig. 3.5. 
2000  Stenoscisma margaritovi (Tschernyschew); Tazawa et al., p. 10, pl. 1, figs 7-11. 
2001  Stenoscisma margaritovi (Tschernyschew); Tazawa, p. 298, figs 8.1a-8.4. 
 
Materials.—Eighteen specimens. Registered specimens: four conjoined shells 
(NIGP (Sma. 01-04); one ventral valve (NIGP (Sma. 05) and one dorsal valve (NIGP 
(Sma. 06). 
 
Description.—Shell large in size for genus, average length around 24 mm and 
average width around 29 mm with average thickness around 12 mm; biconvex, dorsal 
valve slightly more convex than ventral valve, subtriangular to triangular in outline; 
wider than long, with greatest width at two thirds length of shell from beak; cardinal 
extremities broadly rounded; anterior commissure weakly and broadly folded toward 
dorsal valve; surface well costate. 
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Ventral valve gently to moderately convex in lateral profile, strongly convex 
at umbonal region and slightly convex to nearly flat on anterior half of valve; umbo 
small and strongly incurved, with umbonal angle about 90º; beak strongly incurved 
and completely covering top of dorsal valve; umbonal slopes relatively short and 
steep, slightly concave; lateral slopes gently steep; sulcus broad and very shallow, 
noticeable only at anterior half of valve; surface with strong and simple costae, 
beginning at 3-5 mm from beak, fine and low, becoming coarser anteriorly; costae 
rounded and evenly interspaced, numbering 6 on sulcus and 7-8 on each lateral flank; 
a few strong concentric lines developed near anterior margin. 
Dorsal valve moderately to strongly convex in both lateral and anterior 
profiles, strongest convexity at around midvalve; dorsal beak strongly incurved into 
ventral umbo; fold broad and low, originating at slightly posterior to midvalve; 
external surface ornament of dorsal valve similar to that of ventral valve. 
Ventral interior with strong V-shaped spondylium formed by two conjunct 
dental plates; median septum moderately high; dorsal valve interior mostly unknown. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Sma. 01 
NIGP Sma. 02 
NIGP Sma. 03 
NIGP Sma. 04 
NIGP Sma. 05 
29.18 
22.43 
26.16 
24.00 
19.09 
32.65 
27.35 
27.20 
30.38 
25.11 
13.95 
13.45 
10.20 
9.99 
- 
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NIGP Sma. 06 21.15 29.35 - 
 
Discussion.—The specimens described here are nearly same as the specimens 
illustrated by Tschernyschew (1888, p. 355, figs 1-3), Fredericks (1924a, p. 48, pl. 1, 
figs 32-42) and Koczyrkevicz (1979b, p. 50, pl. 11, figs 5-6) from the Middle Permian 
of the Vladivostok area of South Primorye, Russia. 
Stenoscisma humbletonensis (Howse, 1848) differs from S. margaritovi in 
having a narrower and deeper ventral sulcus and a higher dorsal fold. However, the 
specimens described and figured as S. humbletonensis from the lower Kanokura 
Formation of the southern Kitakami Mountains, Northeast Japan (Hayasaka, 1922, 
1966; Tazawa, 1976; Minato et al., 1979), are here referred to S. margaritovi on the 
basis of their shallow sulcus, low fold and similar costae on both valves. S. gigantea 
(Diener, 1897a, p. 72, pl. 12, figs 5, 7, 10) from the Middle Permian of Chitichun in 
southern Tibet is easily distinguished from the present species by its markedly large 
size, wider ventral sulcus and more costae. The specimens described as S. gigantea, S. 
gigantea elongatum and S. purdoni from the Middle Permian of Jilin and 
Heilongjiang, northeast China and Jisu (Zhesi), Inner Mongolia (Lee and Gu, 1976; 
Lee et al., 1980), may be conspecific with the present species (Tazawa and 
Matsumoto, 1998; Tazawa et al., 2000; Tazawa, 2001). 
Stenoscisma margaritovi is found in the Dzhirem-Ula section of Wordian to 
Capitanian age in southeastern Mongolia. Elsewhere, this species has been reported 
from the Lower Permian of the Zhesi area in Inner Mongolia, North China; the 
Middle Permian of Jilin and Heilongjiang, northeast China; the Middle Permian of the 
Vladivostok area of South Primorye, Russia; the Middle Permian of Southern 
444  
Kitakami Mountains, Northeast Japan and the Middle Permian of Hida Gaien Belt, 
Central Japan. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Stenoscisma purdoniformis (Grabau, 1931) 
Plate 102, Figures 11-27; Plate 103, Figures 1-7 
 
1931  Camarophoria purdoniformis Grabau, p. 218, pl. 6, figs 1-2. 
1964  Stenoscisma purdoniformis (Grabau); Wang, Jin and Fang, p. 424, pl. 70, figs 
35-36. 
1985  Stenoscisma purdoniformis (Grabau); Duan and Li, p. 121, pl. 54, figs 7-9. 
 
Materials.—Twenty-one specimens. Registered specimens: five conjoined 
shells (NIGP (Spu. 01-05) and one incomplete dorsal valve (NIGP (Spu. 06). 
 
Description.—Small to medium in size for genus, average length around 18 
mm and average width around 22 mm with average thickness around 12 mm; 
moderately to strongly biconvex, pentagonal to broadly subtriangular outline; dorsal 
valve slightly more convex than ventral valve; wider than long, greatest width anterior 
to shell midlength; cardinal extremities rounded; anterior commissure weakly 
uniplicate; surface well costate. 
Ventral valve moderately convex in lateral profile, greatest convexity slightly 
anterior to umbonal region; beak small and strongly incurved over dorsal beak; umbo 
small and also strongly incurved, with umbonal angle less than 90º; umbonal slopes 
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very short and moderately steep, somewhat concave; lateral slopes long and gentle; 
sulcus broad and moderately deep, originating around midvalve or slightly anterior to 
midvalve, broad and shallow, gradually becoming wider and deeper toward anterior 
margin, forming a broad anterior tongue toward dorsal valve; surface with simple and 
coarse costae, beginning anterior to umbonal region, relatively fine and low, 
becoming coarser and higher anteriorly; costae rounded and evenly interspaced, about 
4 to 6 on sulcus and 5 to 7 on each side of lateral flanks; no distinct concentric lines 
observed on ventral surface. 
Dorsal valve moderately to strongly convex in lateral profile, and anterior 
profile broadly domed, maximum convexity at about midvalve; dorsal beak strongly 
incurved into ventral umbo; dorsal fold broad and low, originating around midvalve, 
slightly widening and heightening anteriorly; anterior margin of fold weakly deflected 
dorsally; surface costae of dorsal valve similar to that of ventral valve, but costae on 
dorsal valve somewhat slightly lower than that on ventral valve. 
Ventral valve interior with two conjunct dental plates forming distinct and 
very strong V shaped spondylium; other internal features poorly known. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Spu. 01 
NIGP Spu. 02 
NIGP Spu. 03 
NIGP Spu. 04 
21.19 
14.47 
16.65 
18.36 
23.08 
15.13 
24.56 
25.74 
10.51 
10.44 
12.08 
13.50 
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NIGP Spu. 05 
NIGP Spu. 06 
- 
17.92 
20.85 
- 
- 
- 
 
Discussion.—These specimens are referred to Camarophoria (=Stenoscisma) 
purdoniformis Grabau (1931, p. 218) by their pentagonal or broadly subtriangular 
outline, small to medium shell size, broad and moderately deep ventral sulcus and a 
low dorsal fold. 
This species is smaller than Stenoscisma purdoni (Davidson, 1862, p. 30, pl. 2, 
fig. 4) from the Salt Range, Pakistan, but its general outline and surface costae are 
very close to S. purdoni, however, typical S. purdoni has costae beginning from the 
beak, while the costae of S. purdoniformis begin from anterior to the umbonal region 
or around midvalve. S. purdoniformis also somewhat resembles S. multicosta Stehli 
(1954, p. 339, pl. 25, figs 7-9) from the Kungurian Bone Spring Formation in West 
Texas, USA, but differs from the latter by its smaller shell size, and much less and 
relatively coarser costation. 
Stenoscisma purdoniformis is found in the Dzhirem-Ula section of Wordian to 
Capitanian age in southeastern Mongolia. Elsewhere, this species has only been 
reported from the Middle Permian (Wordian to Capitanian) of the Zhesi area (Jisu 
Honguer) in Inner Mongolia, North China. 
 
Stenoscisma sp. 
Plate 103, Figures 8-12 
 
Materials.—Three specimens. Registered specimen: one conjoined shell 
(NIGP (Stp. 01)). 
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Discussion.—This species is represented by three medium sized specimens, 
one conjoined shell (NIGP (Stp. 01)) and two other fragments of ventral and dorsal 
valves. The conjoined shell specimen is measured 15.16 mm in length, 20.90 mm in 
width and 12.46 mm in thickness. The overall outline is triangular and the greatest 
width is around two-thirds of shell length from the beak. The profile of the conjoined 
specimen is strongly biconvex with the dorsal valve more convex than the ventral 
valve and the greatest convexity around the midvalve or slightly posterior. The ventral 
valve has a broad and very shallow sulcus with poorly preserved costae on the surface. 
The dorsal valve has six costae on each flank of fold with five coarse costae on fold. 
Costae are developed at one-third of shell length from beak and gradually higher to 
anterior margin. Dorsal fold is wide and low and the costae on it also start to become 
bigger and higher towards the anterior margin, and change to somewhat plicae at the 
anterior part of the fold. 
This species is distinguished from Stenoscisma margaritovi and S. 
purdoniformis described above by its smaller shell size, coarser costae and prominent 
plicae on the anterior part of the dorsal fold. It resembles the S. sp. described in 
previous chapter in prominent plicae developed on dorsal fold, but differs in having a 
shallower ventral sulcus and a lower dorsal fold. 
 
Occurrence.— JL 2, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Superfamily RHYNCHOPOROIDEA Muir-Wood, 1955 
Family RHYNCHOPORIDAE Muir-Wood, 1955 
Subfamily RHYNCHOPORINAE Muir-Wood, 1955 
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Genus Rhynchopora King, 1865 
 
Type species.— Terebratula geinitziana Verneuil, 1845, p. 83, pl. 10, figs 5a-5b from 
the lower Kazanian of North Dvina River Basin, Shidrovo, northern European Russia. 
 
Rhynchopora King, 1865, p. 124. 
Rhynchopora Dunbar, 1955, p. 113. 
Rhynchopora Gobbett, 1964, p. 129. 
Rhynchopora Cooper and Grant, 1976b, p. 2651. 
Rhynchopora Lee and Gu, 1976, p. 273. 
Rhynchopora Koczyrkevicz, 1979a, p. 41. 
Rhynchopora Abramov and Grigorjeva, 1983, p. 109. 
Rhynchopora Shi and Tazawa, 2001, p. 758. 
Rhynchopora Savage, 2002, p. 1232. 
 
Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
 
Rhynchopora tchernyshae Koczyrkevicz, 1979a 
Plate 103, Figures 13-23 
 
1979a Rhynchopora tchernyshae Koczyrkevicz, p. 47, pl. 11, figs 1-4, text-fig. 4. 
2000  Rhynchopora tchernyshae Koczyrkevicz; Tazawa, Takizawa and Kamada, p. 10, 
pl. 1, figs 6a-6d. 
2001  Rhynchopora tchernyshae Koczyrkevicz; Shi and Tazawa, p. 758, fig. 2.1. 
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Materials.—Twenty specimens. Registered specimens: two conjoined shells 
(NIGP (Rtc. 01-02)) and three ventral valves (NIGP (Rtc. 03-05)). 
 
Description.—Shell small to medium in size for genus, average length around 
8 mm and average width around 10 mm, thickness around 4-6 mm; subpentagonal to 
pentagonal in outline; wider than long, greatest width slightly anterior to midvalve; 
moderately and unequally biconvex shell with weakly convex ventral valve and much 
more convex dorsal valve in lateral view; cardinal extremities rounded; lateral flanks 
broadly rounded; anterior commissure moderately to strongly fold toward dorsal valve; 
surface strongly costae. 
Ventral valve weakly to moderately convex in lateral profile, greatest 
convexity slightly anterior to umbonal region; umbo and beak small, moderately 
extended and incurved; umbonal region moderately convex with very short and gently 
concave umbonal slopes; lateral slopes long and gentle; sulcus originating anterior to 
midlength, somewhere around two-thirds of shell length from beak, gradually 
widening and deepening anteriorly with flat floor; anterior tongue moderately high 
and broad, flanks slightly narrower than sulcus; surface costae prominent, originating 
from beak, posteriorly fine, low and rounded, becoming higher and wider anteriorly 
still with rounded crests; about eight costae over sulcus and seven or eight on each 
flank, separated by narrow and somewhat angular interspaces; a few very fine and 
weak concentric growth lines observed across ventral valve. 
Dorsal valve moderately to strongly convex in lateral profile; umbo pointed 
and incurved; fold moderately high, commencing from midvalve, gradually elevated 
toward anterior margin; external surface costate, costae strong and simple, evenly 
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interspaced, commencing from beak, numbering six to seven on fold and eight on 
each lateral slope. 
Internally, dental plates observed inside ventral valve. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Rtc. 01 
NIGP Rtc. 02 
NIGP Rtc. 03 
NIGP Rtc. 04 
NIGP Rtc. 05 
8.70 
9.37 
7.88 
7.92 
7.31 
9.84 
9.63 
10.43 
10.28 
9.01 
4.50 
6.39 
- 
- 
- 
 
Discussion.—When proposing this species from the lower Barabash 
Formation in the Barabash section of South Primorye, Koczyrkevicz (1979a, p. 47) 
gave a detailed description of both the external and internal structures. Based on their 
small shell size, pentagonal outline and simple costae, the specimens from the 
Dzhirem-Ula section are safely assigned to Rhynchopora tchernyshae. 
Rhynchopora inconstantis Lee and Gu (1976, p. 274, pl. 184, figs 1-7; Tazawa, 
Shen and Shi, 2001, p. 41, figs 3K-O) from the Middle Permian (Roadian) of Inner 
Mongolia, China is similar to the present species in pentagonal outline, but it has a 
larger size, coarser costae and higher fold. Rhynchopora variabilis (Stuckenberg, 
1898, p. 228, pl. 3, figs 13-14; Tschernyschew, 1902, p. 488, pl. 21, figs 16-17; 
Biernat and Birkenmajer, 1981, pl. 7, figs 1-11; pl. 8, figs 1-7) has a similar shell size 
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close to R. tchernyshae, but the former is a subelliptical shell with stronger and fewer 
costae on both valves. Rhynchopora nikitini (Tschernyschew, 1884, pl. 18, figs 34-36; 
1889, p. 275, pl. 6, fig. 20) from the Sakmarian fauna of the Russian Platform and the 
Urals is very similar to the present species in having a small shell size and pentagonal 
outline, but differs by its rounded outline and finer, less rounded costae. The 
specimens described as R. tripartita by Koczyrkevicz (1979a, p. 44, pl. 10, fig. 10, 
text-fig. 2-3) from the lower Barabash Formation in the Barabash section of South 
Primorye are distinguished from the specimens of R. tchernyshae by their larger shell 
size, strongly elevated dorsal valve and finer costae on both valves. 
 
Occurrence.— JL 4, JL-E 5; Dzhirem-Ula section, Roadian to Capitanian. 
 
Order ATHYRIDIDA Boucot, Johnson and Staton, 1964 
Suborder ATHYRIDIDINA Boucot, Johnson and Staton, 1964 
Superfamily ATHYRIDOIDEA Davidson, 1881 
Family ATHYRIDIDAE Davidson, 1881 
Subfamily CLEIOTHYRIDININAE Alvarez, Rong and Boucot, 1998 
Genus Cleiothyridina Buckman, 1906 
 
Type species.— Atrypa pectinifera Sowerby, 1840, p. 14, pl. 616 from the Magnesian 
Limestone (Late Permian), England. 
 
Cleiothyridina Buckman, 1906, p. 324. 
Cleiothyridina Dunbar, 1955, p. 123. 
Cleiothyridina Gobbett, 1964, p. 161. 
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Cleiothyridina Brunton, 1972, p. 142. 
Cleiothyridina Grant, 1976, p. 196. 
Cleiothyridina Cooper and Grant, 1976a, p. 2133. 
Cleiothyridina Waterhouse, 1978, p. 37. 
Cleiothyridina Waterhouse, 1980, p. 53. 
Cleiothyridina Abramov and Grigorjeva, 1983, p. 114. 
Cleiothyridina Zhang et al., 1983, p. 377. 
Cleiothyridina Archbold, 1988, p. 29. 
Cleiothyridina Alvarez and Rong, 2002, p. 1510. 
Cleiothyridina Afanasjeva et al., 2003, p. 170. 
 
Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
 
Cleiothyridina subexpansa (Waagen, 1883) 
Plate 103, Figures 24-29; Plate 104, Figures 1-3 
 
1883  Athyris subexpansa Waagen, p. 478, pl. 39, figs 1-5. 
1897a Athyris subexpansa Waagen; Diener, p. 61, pl. 10, figs 4a-4d. 
1925  Athyris (Cleiothyridina) subexpansa Waagen; Reed, p. 53, 89, pl. 7, figs 4, 4a. 
1965  Cleiothyridina subexpansa (Waagen); Fantini Sestini, p. 68, pl. 7, figs 3a-3b. 
1964  Cleiothyridina subexpansa (Waagen); Wang, Jin and Fang, p. 624, pl. 122, figs 
18-20. 
1966  Cleiothyridina subexpansa (Waagen); Waterhouse, p. 62, pl. 8, fig. 3; pl. 10, fig. 
3. 
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1976  Cleiothyridina subexpansa (Waagen); Lee and Gu, p. 276, pl. 160, fig. 15. 
1978  Cleiothyridina subexpansa (Waagen); Waterhouse, p. 37, pl. 3, figs 10-13. 
1980  Cleiothyridina subexpansa (Waagen); Grunt, p. 86, pl. 14, figs 5-6; pl. 15, figs 
3-4; text-figure 43. 
1981  Cleiothyridina subexpansa (Waagen); Shimizu, p. 79, pl. 7, figs 9-10. 
1983  Cleiothyridina subexpansa (Waagen); Zhang et al., p. 277, pl. 144, fig. 1. 
1984  Cleiothyridina subexpansa (Waagen); Zhao and Tan, pl. 2, fig. 7.  
1985  Cleiothyridina subexpansa (Waagen); Jin, pl. 4, figs 18-21. 
2000  Cleiothyridina subexpansa (Waagen); Tazawa et al., p. 13, pl. 1, figs 14-15. 
2001  Cleiothyridina subexpansa (Waagen); Shen et al., p. 176, figs 14.1-14.2. 
2007  Cleiothyridina subexpansa (Waagen); Waterhouse and Chen, p. 37, pl. 9, figs 
9-11, 15. 
2011  Cleiothyridina cf. subexpansa (Waagen); Tazawa, p. 176, figs 5.8-5.10. 
 
Materials.—Six specimens. Registered specimens: one incomplete conjoined 
shell (NIGP (Csu. 01)); two incomplete ventral valves (NIGP (Csu. 02-03)) and one 
internal mould of dorsal valve (NIGP (Csu. 04)). 
 
Description.—Medium to large in size for genus, large specimens reaching 
more than 45 mm in length; transversely subcircular to elliptical in outline; wider than 
long, greatest width around shell midlength; moderately biconvex shell with rounded 
sides and anterior margin; ventral valve slightly more convex than dorsal valve in 
lateral profile; beak and foramen moderately large; anterior commissure nearly 
rectimarginate; surface lamellose with numerous (more than 3 per mm) fine and small 
spines. 
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Ventral valve moderately convex in lateral profile, greatest convexity slightly 
anterior to umbonal region; umbo small and moderately extended; umbonal region 
strongly swollen with short and slightly concave umbonal slopes; lateral slopes long 
and gently sloping; cardinal extremities well rounded; median sulcus almost absent, 
but anterior portion of shell apparently flattened; delicate and concentric growth 
lamellae distinct on surface, numbering four to five in 5 mm at midvalve; small, radial 
spines developed along each lamella, about 15 small spines in 5 mm at midvalve 
(transversely along one lamella); most of the spines broken, but spine bases clearly 
observed. 
Dorsal valve gently convex in lateral profile; beak broken; umbo small and 
slightly inflated; umbonal region moderately high with short umbonal slopes; dorsal 
fold completely absent or slightly elevated near anterior margin; surface with 
concentric growth lamellae and small spines similar to those of ventral valve. 
Ventral interior with two divergent dental plates; dorsal valve interior with 
distinct median ridge; other features not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Cba. 01 
NIGP Cba. 02 
NIGP Cba. 03 
NIGP Cba. 04 
44.31 
55.70 
30.12 
20.33 
- 
- 
41.71 
26.43 
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Discussion.—The specimens described here are larger than Waagen‘s (1883, p. 
478, pl. 39, figs 1-5) specimens originally described from the Wargal and Chhidru 
formations of the Salt Range, Pakistan, but other features, such as subcircular outline, 
a very shallow and indistinct sulcus on the anterior half of the ventral valve and no 
distinct dorsal fold, are exactly same as both the description and illustrations of 
Cleiothyridina subexpansa (Waagen, 1883). 
Cleiothyridina royssiana (Keyserling, 1846, p. 237; Keyserling, 1854, p. 109, 
pl. 4, figs 31-33) from the Permian of the Pechora Basin in Russia is close to the 
present species in general outline, but the Russian species is recognized by having a 
deeper ventral sulcus and a distinct dorsal fold (also described by Gobbett, 1964, p. 
161, pl. 21, figs 13-16; pl. 22, figs 1-2; and illustrated by Kulikov, 1974, pl. 2, figs 9-
11). 
 
Occurrence.—JL-E 6; Dzhirem-Ula section, Capitanian. 
 
Order SPIRIFERIDA Waagen, 1883 
Suborder SPIRIFERIDINA Waagen, 1883 
Superfamily SPIRIFEROIDEA King, 1846 
Family TRIGONOTRETIDAE Schuchert, 1893 
Subfamily NEOSPIRIFERINAE Waterhouse, 1968b 
Genus Neospirifer Fredericks, 1924b 
 
Type species.— Spirifer fasciger Keyserling 1846, p. 231, pl. 8, figs 3-3b from the 
late Lower Permian of south Timan, Troitsko-Pechora District (right bank of the 
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Soiva River, 7.5 km upward of the river from the village of Bol‘shaya Soivinskaya), 
Russia. 
 
Neospirifer Fredericks, 1924b, p. 311. 
Neospirifer Dunbar and Condra, 1932, p. 326. 
Neospirifer Wang, 1955, p. 145. 
Neospirifer Hayasaka, 1960, p. 36. 
Neospirifer Yanagida, 1963, p. 71. 
Neospirifer Ustritsky, 1963, p. 23. 
Neospirifer Wang, Jin and Fang, 1964, p. 507. 
Neospirifer Gobbett, 1964, p. 139. 
Neospirifer Waterhouse, 1966, p. 33. 
Neospirifer Cooper and Grant, 1976a, p. 2172. 
Neospirifer Lee and Gu, 1976, p. 284. 
Neospirifer Tong, 1978, p. 256. 
Neospirifer Kalashnikov, 1980, p. 76. 
Neospirifer Ding and Qi, 1983, p. 400. 
Neospirifer Archbold and Thomas, 1984, p. 628. 
Neospirifer Lee and Duan, 1985, p. 246. 
Neospirifer Abramov and Grigorjewa, 1988, p. 164. 
Neospirifer Poletaev, 1997, p. 308. 
Neospirifer Kalashnikov, 1998, p. 46. 
Neospirifer Afanasjeva et al., 2003, p. 144. 
Neospirifer Carter, 2006, p. 1789. 
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Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
 
Neospirifer yihewusuensis Duan and Li, 1985 
Plate 104, Figures 4-11 
 
1985  Neospirifer yihewusuensis Duan and Li, p. 124, pl. 44, figs 7-10. 
 
Materials.—Fifteen specimens. Registered specimens: two ventral valves 
(NIGP (Nyi. 01-02)); one incomplete dorsal valve (NIGP (Nyi. 03) and an external 
mould of dorsal valve (NIGP (Nyi. 04)). 
 
Description.—Shell medium to slightly large in size for genus, average length 
around 27 mm and average width around 38 mm; transversely triangular in outline; 
wider than long, widest along hinge line; biconvex shell with ventral valve and dorsal 
valve nearly equal in convexity in lateral view; sides and anterior margin broadly 
rounded; cardinal extremities not well preserved; anterior commissure uniplicate, but 
somewhat plicated laterally; sulcus and fold prominently developed; surface costate, 
costae moderately fasciculate. 
Ventral valve moderately convex in both lateral and anterior profiles; beak 
short, pointed and strongly incurved, slightly hanging over hinge line; umbo small and 
strongly incurved, with umbonal slopes short and slightly concave; lateral slopes long 
and gradually inclined; interarea moderately high, slightly concave and wide, 
narrowly extending to tips of cardinal extremities; delthyrium covered; median sulcus 
originating at beak, narrow and shallow, but gradually widening and deepening 
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toward anterior margin, about 14 mm wide at anterior margin; sulcus floor narrowly 
rounded, broadly V-shaped in cross section at anterior margin; sulcus bounded by 
crests of coarse costae; surface both plicate and costate, costae moderately to strongly 
fasciculate, about 5 fascicles on each side of sulcus forming plications, becoming 
lower laterally, and each with high primary costa forming crest of plication, height 
gradually increasing anteriorly, costae numbering about 3 per fasicicle; interspaces 
between fasicicles narrow and deep; concentric growth lines very weak. 
Dorsal valve moderately convex in lateral profile, greatest convexity along 
dorsal fold; beak and umbo not well preserved; interarea low and slightly concave; 
umbonal slopes very short; median fold high and strong, originating from beak, 
narrow and low, but quickly getting higher and wider toward anterior margin with 
narrow crest; surface costate and plicate, fasicicles similar to those of ventral valve, 
but much lower on each side of fold and interspaces slightly wider than those on 
ventral valve. 
Ventral valve interior with elevated and elongately oval muscle area; other 
features not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Nyi. 01 
NIGP Nyi. 02 
NIGP Nyi. 03 
NIGP Nyi. 04 
26.85 
19.04 
31.03 
30.96 
38.22 
30.02 
- 
46.63 
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Discussion.— The specimens from the Dzhirem-Ula section in southeastern 
Mongolia are nearly the same with those described by Duan and Li (1985) and they 
are strongly referred to N. yihewusuensis. 
Neospirifer rhombicus Duan and Li (1985, p. 125, pl. 55, figs 4-5) is also 
reported from the Yihewusu Formation (Capitanian) of the Zhesi area in Inner 
Mongolia, China, but it is distinguished from N. yihewusuensis by its much smaller 
size and an obviously different outline. N. yihewusuensis differs from N. 
koargychanensis Zavodowsky in Zavodowsky and Stepanov (1971) described in the 
previous chapter from the Hovsugol section by its smaller shell size, lower interareas 
and shallower median sulcus on ventral valve. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Neospirifer fasciger (Keyserling, 1846) 
Plate 104, figures 12-18 
 
1846  Spirifer fasciger Keyserling, p. 231, pl. 8, fig. 3. 
1860  Spirifer fasciger Keyserling; Grunewaldt, p. 97, pl. 5, fig. 1. 
1889  Spirifer fasciger Keyserling; Tschernyschew, p. 269, pl. 5, fig. 4. 
1902  Spirifer fasciger Keyserling; Tschernyschew, p. 532, pl. 38, figs 3-4; pl. 49, fig. 
1. 
1911  Spirifer fasciger Keyserling; Diener, p. 2, pl. 1, fig. 9. 
1914  Spirifer fasciger Keyserling; Wiman, p. 41, pl. 5, figs 6-16. 
1929  Spirifer fasciger Keyserling; Chao, p. 8, pl. 1, figs 8-9; pl. 2, figs 1-7. 
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1931  Spirifer (Neospirifer) fasciger Keyserling; Ozaki, p. 28, pl. 1, figs 3-6. 
1932  Spirifer (Neospirifer) fasciger Keyserling; Reed, pl. 5, figs 4, 6. 
1937b Spirifer (Spirifer) fasciger Keyserling; Stepanov, p.12, pl. 1, figs 3-4. 
1939  Spirifer cf. fasciger (Keyserling); Licharew and Einor, p. 87, pl. 16, fig. 3. 
1955  Neospirifer fasciger (Keyserling); Wang, p. 145, pl. 82, figs 5-7. 
1960  Neospirifer fasciger (Keyserling); Hayasaka, p. 42, pl. 1, figs 1-7; pl. 2, figs 1-2. 
1963  Neospirifer fasciger (Keyserling); Yanagida, p. 71, pl. 8, figs 1-7; pl. 9, figs 1-3. 
1963  Neospirifer fasciger (Keyserling); Ustritsky, p. 23, pl. 8, figs 8a-8b. 
1964  Neospirifer fasciger (Keyserling); Wang et al., p. 509, pl. 97, figs 3, 6, 7. 
1976  Neospirifer fasciger (Keyserling); Lee and Gu, p. 285, pl. 145, fig. 1. 
1978  Neospirifer fasciger (Keyserling); Tong, p. 257, pl. 90, fig. 2. 
1980  Neospirifer fasciger (Keyserling); Lee et al., p. 410, pl. 154, fig. 15. 
1980  Neospirifer fasciger (Keyserling); Kalashnikov, p. 77, pl. 23, fig. 3. 
1983  Neospirifer fasciger (Keyserling); Zhang et al., p. 355, pl. 138, fig. 1. 
1984  Neospirifer fasciger (Keyserling); Archbold and Thomas, figs 1A-1I. 
1985  Neospirifer fasciger (Keyserling); Lee and Duan, p. 246, pl. 78, figs 7-8. 
1997  Neospirifer fasciger (Keyserling); Poletaev, pl. 4, figs 2-7. 
1998  Neospirifer fasciger (Keyserling); Wang and Yang, p. 116, pl. 24, fig. 37. 
1998  Neospirifer fasciger (Keyserling); Kalashnikov, p. 47, pl. 5, fig. 4. 
2001  Neospirifer cf. fasciger (Keyserling); Tazawa, p. 301, figs 8.10a-8.10c. 
 
Materials.—Five specimens, all ventral valves. Registered specimens: two 
incomplete ventral valves (NIGP (Nfa. 01-02)). 
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Description.—Large for genus, length about 41 mm and width 51-59 mm; 
outline broadly transverse and irregularly semielliptical; wider than long with widest 
at hinge; cardinal extremities and anterior commissure not well preserved; surface 
well costate and costae strongly fasciculate. 
Ventral valve rather regularly and moderately convex in both lateral and 
anterior profiles, most convexity slightly anterior to umbo; surface longitudinally 
curved stronger than that of transversely; beak acute, short and moderately hooked; 
umbo small and narrowly incurved, with umbonal slopes moderately steep and 
slightly concave; interarea high, somewhat concave and wide, narrowly extending to 
tips of cardinal extremities; lateral slopes moderately to gently steep; sulcus well 
developed and clear, but varied greatly in width and depth; sulcus originating near 
beak, narrow and shallow, but widening and deepening gradually toward anterior 
margin; surface clear and well costate, costae strongly fasciculate, three to six costae 
on each fascicle; five to six fascicles on each side of sulcus forming rounded 
plications, becoming subdued laterally, each with high primary costa forming crest of 
plication, height slightly increasing anteriorly; median or primary costa of fascicles 
splitting equally near beak, each branch increasing in height and width anteriorly and 
splitting laterally, but diverging sufficiently to avoid dual crest; concentric lines weak. 
Ventral valve interior with strong hinge teeth supported by dental plates; 
apical cones strongly thickened. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
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Specimen no. L W 
NIGP Nfa. 01 
NIGP Nfa. 02 
41.24 
41.82 
51.90 
58.89 
 
Discussion.—The present specimens are large with transverse outline, 
moderately convex shell and well developed sulcus, strongly fasciculate surface 
costae that are as distinct as the plications. These characteristics strongly suggest 
material commonly referred to as Neospirifer fasciger (Keyserling, 1846). 
Spirifer moosakhailensis (Davidson, 1862, p. 28, pl. 2, fig. 2) from the 
Himalayan region is very similar to Neospirifer fasciger. Some authors (Licharew, 
1934; Licharew and Einor, 1939; Wang et al., 1964) thought they are different, 
whereas others (Tschernyschew, 1902; Hayasaka, 1960; Ustritsky, 1963) believed 
Spirifer moosakhailensis is a junior synonym of Neospirifer fasciger. However, given 
the limited amount material at hand for this study, we tentatively separate the two 
species. 
Neospirifer fasciger is found in the Tsagan-Ula Horizon of Roadian to 
Wordian age in the Dzhirem-Ula section of southeastern Mongolia. Elsewhere, this 
species has been reported from the Upper Carboniferous of Tarim Basin and Jungar 
Basin in Xinjiang, Northwest China, Central Inner Mongolia, North China and 
Yanbian in Sichuan, South China; Upper Carboniferous to Lower Permian of Benxi in 
Shanxi, North China; Lower Permian of South Timan in Troitsko-Pechora District 
(Russia) and North of European Russia, Central Himalayas, Shan States in Burma and 
Salt Range in Pakistan; Middle Permian of the Moribu area in Hida Gaien Belt, 
Central Japan; Upper Permian of central Kyushu, Japan and Central Himalayas; the 
Permian of Spitsbergen. 
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Occurrence.—JL 1, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Neospirifer sp. 
Plate 104, Figures 19-22 
 
Materials.—Three specimens. Registered specimens: one ventral valve (NIGP 
(Nep. 01)) and one incomplete dorsal valve (NIGP (Nep. 02)). 
 
Description.—Shell large, transversely triangular in outline; much wider than 
long; one ventral valve (NIGP (Nep. 01)) measured about 96 mm in width, more than 
twice its length; hinge line marking widest part of shell; cardinal extremities not 
preserved; anterior commissure uniplicate and plicated laterally; sulcus and fold 
developed; surface costate, costae moderately fasciculate. 
Ventral valve moderately convex in lateral profile; beak covered; umbonal 
slopes moderately long, steeply inclined and slightly concave; lateral slopes long and 
gently inclined; interarea high, wide and slightly concave; median sulcus originating 
from around beak, narrow and shallow at first, continually widening and deepening 
toward anterior margin, but still relatively shallow; median trough broadly U-shaped 
in cross section with rounded floor; surface costate, fasciculation moderately strong; 
about 4 fascicles on each side of sulcus forming distinct plications, three to four 
costae on each fascicle; interspaces between fasicicles narrow and slightly deep; weak 
concentric growth lines observed. 
Dorsal valve low in convexity in lateral profile, most convex along dorsal fold; 
beak covered; umbo small and strongly incurved; median fold low, originating from 
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beak, narrow and low, but gradually getting higher and wider toward anterior margin 
with rounded crest; surface costae and fasicicles similar to those of ventral valve, but 
fasicicles somewhat lower on each side of fold than those on ventral valve. 
Ventral valve interior with strong and divergent dental plates; interior of 
dorsal valve not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Nep. 01 
NIGP Nep. 02 
39.42 
35.40 
96.07 
52.08 
 
Discussion.—These specimens can be assigned to Neospirifer based on their 
general outline, prominent fasciculation and well developed ventral sulcus and dorsal 
fold. This species differs from Neospirifer yihewusuensis and N. fasciger described 
above by its large size and much more transverse outline. It might represent a new 
species from the Dzhirem-Ula section, but the material is insufficient to warrant the 
proposition of a new species. 
 
Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Genus Betaneospirifer Gatinaud, 1949 
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Type species.— Spirifer moosakhailensis Davidson 1862, p. 28, pl. 2, fig. 2 from 
Lower Permian (Cisuralian) of the Himalayan region. 
 
Betaneospirifer Gatinaud, 1949, p. 491. 
?Betaneospirifer Carter, 2006, p. 1789. 
 
Discussion.— Betaneospirifer was proposed by Gatinaud in 1949 with 
Spirifer moosakhailensis Davidson 1862 as the type species. Gatinaud did not provide 
any description nor discussion about this genus. Carter (2006, p. 1789) briefly 
described the genus in the revised brachiopod Treatise and noted that the validity of 
Betaneospirifer depends on the diagnosis of Neospirifer, thus implying a strong 
similarity between the two. Generally, Betaneospirifer is characterised by medium to 
large shell size, strongly transverse outline, widely triangular ventral interarea, 
rounded to alate cardinal extremities, strongly plicate and fasciculate lateral slopes 
and many costae on each plica. 
 
Betaneospirifer sp. 
Plate 105, Figures 1-7 
 
Materials.—Nine specimens, all ventral valve. Registered specimens: three 
incomplete ventral valves (NIGP (Bsp. 01-03)). 
 
Description.—Large to very large in size for genus, up to 73 mm in length and 
80 mm in width; transversely subcircular in outline; slightly wider than long, widest 
part around midlength of shell; flanks and anterior margin broadly rounded; cardinal 
466  
extremities slightly rounded; anterior commissure not well preserved; surface costate, 
costae moderately fasciculate. 
Ventral valve moderately to strongly convex in lateral profile; beak and umbo 
broken; umbonal slopes moderately long and weakly concave; interarea high, slightly 
concave and widely triangular in outline; lateral slopes long and gently inclined; 
median sulcus originating at beak or slightly anterior, narrow and shallow, gradually 
widening and deepening toward anterior margin, but relatively still narrow and 
shallow at anterior margin; sulcus floor flatly rounded; surface costate, costae 
moderately to strongly fasciculate, four to five fascicles on each side of sulcus 
forming distinct plications, becoming lower laterally; costae numbering six to seven 
on each plica; interspaces between fasicicles narrow and shallow. 
Internal structures poorly preserved. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Bsp. 01 
NIGP Bsp. 02 
NIGP Bsp. 03 
73.10 
46.69 
- 
79.83 
49.64 
68.38 
 
Discussion.—This species is represented by a few incomplete ventral valves 
and many fragments of ventral valves. All the specimens can be closely compared to 
Betaneospirifer. It is very likely that they represent a new species of Betaneospirifer, 
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but poor preservation of the material hinders the characterisation of this potential new 
species. 
 
Occurrence.—JL 4; JL-E 5, 6; Dzhirem-Ula section, Roadian to Capitanian. 
 
Subfamily KANINOSPIRIFERINAE Kalashnikov, 1996 
Genus Kaninospirifer Kulikov and Stepanov in Stepanov, Kulikov and Sultanaev, 
1975 
 
Type species.—Spirifer kaninensis Licharew, 1943, p. 279, figs. 1-4, from the 
Permian deposits of the eastern coast of the Kanin peninsula. 
 
Kaninospirifer Kulikov and Stepanov in Stepanov, Kulikov and Sultanaev, 1975, p. 
63. 
Kaninospirifer Kalashnikov, 1996, p. 133. 
Kaninospirifer Kalashnikov, 1998, p. 50. 
Kaninospirifer Pavlova et al., 1991, p. 130. 
Kaninospirifer Shi et al., 2002a, p. 294. 
Kaninospirifer Afanasjeva et al., 2003, p. 144. 
Kaninospirifer Grunt and Afanasjeva, 2006, p. 153. 
Kaninospirifer Carter, 2006, p. 1799. 
 
Discussion.—Carter (2006), in the revised treatise on Brachiopoda (Volume 5) 
placed the present genus in the subfamily of Neospiriferinae Waterhouse 1968b, 
despite the fact that Kalashnikov (1996) had previously proposed the new subfamily 
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Kaninospiriferinae, which he thought would be distinguished from the Neospiriferinae 
by its fine and equidimensional costae with weak fascisulation and no or only weakly 
developed adminicula in the ventral interior. In addition to Kaninospirifer, 
Kalashnikov (1996) also assigned Imperiospira Archbold and Thomas, 1993 to the 
subfamily Kaninospiriferinae. Imperiospira is distinguished from Kaninospirifer by 
its curved dental flanges, prominently fasciculate costae and short adminicula. 
Kaninospirifer appears to have a very limited distribution in both time and 
space (Shi et al., 2002a). The listed areas are mainly restrained in the high latitude of 
northern hemisphere like Arctic Canada, Greenland, Spitsbergen, Arctic Russia and 
East Asia of South Primorye of Far East in Russia, southeast Mongolia and northeast 
China (Kalashnikov, 1996; 1998; Grunt and Afanasieva, 2006). Though Pavlova et al. 
(1991, p. 130) listed some previously reported species by Broili (1916) and Reed 
(1944) from Timor and the Salt Range as possible representatives of Kaninospirifer, 
but the species mentioned need to be confirmed as regards to their true taxonomic 
identities. Kalashnikov (1998, p. 50) also listed Western Australia as its another 
possible geographical distribution, but no details were given. 
 
Kaninospirifer adpressum (Liu and Waterhouse, 1985) 
Plate 105, Figures 8-16; Plate 106, Figures 1-5 
 
1985  Neospirifer adpressum Liu and Waterhouse, p. 36 pl. 12, figs 5-10. 
1991  Kaninospirifer adpressum (Liu and Waterhouse); Pavlova et al., p. 132, pl. 29, 
figs 7-8. 
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Materials.—Seven specimens. Registered specimens: an incomplete conjoined 
shell (NIGP (Kad. 01)); two ventral valves (NIGP (Kad. 02-03)) and a dorsal valve 
(NIGP (Kad. 04)). 
 
Description.—Shell medium to large in size for genus, subrectangular in 
outline, wider than long, widest at hinge; the average length around 36 mm and 
average width around 58 mm, one conjoined shell measured 24.73 mm in thickness; 
anterior commissure strongly fold toward dorsal valve; surface finely costate. 
Ventral valve moderately convex in lateral profile, greatest convexity at 
slightly anterior to umbonal region; beak strongly incurved and mostly covered; umbo 
strongly incurved, angle about 135º; umbonal slopes short and moderately steep, 
slightly concave; interarea moderately high, slightly concave and wide, narrowly 
extending to tips of cardinal extremities; cardinal extremities acute, cardinal angle 60-
70º; lateral slopes gently steep; sulcus well developed with subangular floor, 
originating from around umbo, becoming wider and much deeper anteriorly, 
moderately wide and deep at anterior part of valve, forming a prominent tongue 
anteriorly; surface finely costate, costae numbering 6-7 in 5 mm at midvalve and 
becoming finer within sulcus, increasing in number mainly by intercalation; 
concentric laminae strong at anterior part of valve. 
Dorsal valve more convex than ventral valve in lateral profile, most convex 
part along dorsal fold; beak covered; umbo small; median fold high with angular crest, 
originating from beak or slightly anterior, gradually getting higher and wider toward 
anterior margin; surface costae similar to those of ventral valve but with very weak 
fasciculation developed. 
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Ventral valve interior with moderately strong dental plates; dental plates 
inclined inwards at a low angle, and diverging forwards; other characters unknown. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Kad. 01 
NIGP Kad. 02 
NIGP Kad. 03 
NIGP Kad. 04 
31.82 
41.81 
31.29 
37.67 
47.13 
65.54 
54.95 
65.15 
24.73 
- 
- 
- 
 
Discussion.—This species is characterised by its subrectangular outline, well 
developed sulcus and fold. The specimens of Kaninospirifer adpressum described by 
Pavlova et al. (1991, p. 132, pl. 29, figs. 7-8) from the Tsagan-Ula horizon of 
southeastern Mongolia are identical to the specimens described here as both of them 
came from same area of southeastern Mongolia. 
Kaninospirifer borealis Kulikov and Stepanov in Stepanov, Kulikov and 
Sultanaev (1975, p. 64, pl. 3, figs. 6-7) from the lower member of Lower Kazanian 
Formation of the Kanin Peninsula is similar to K. adpressum, but the former has less 
developed sulcus and fold with distinguishable fasciculations on both valves. The 
Arctic species of Spirifer striatoplicatus Gobbett (1964, p. 136, pl. 17, figs 7-9; pl. 18, 
fig. 1) from Spitsbergen and other islands in Svalbard differs from the present species 
by its more convex valves and a deeper, narrower sulcus and fold. 
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Occurrence.—JL-E 5, 6; Dzhirem-Ula section, Wordian to Capitanian. 
 
Kaninospirifer incertiplicatus Pavlova in Pavlova et al, 1991 
Plate 106, Figures 6-13 
 
1991  Kaninospirifer incertiplicatus Pavlova in Pavlova et al., p. 132, pl. 29, figs 7-8. 
2003  Kaninospirifer incertiplicatus Pavlova; Afanasjeva et al., p. 144, pl. 62, figs 10-
11. 
 
Materials.—Twenty-five specimens. Registered specimens: three incomplete 
ventral valves (NIGP (Kin. 01-03)) and one dorsal ventral valve (NIGP (Kin. 04)). 
 
Description.—Large for genus, about 42 mm long and 55 mm wide; 
semicircular in outline; wider than long with widest part along hinge or slightly 
anterior; cardinal extremities and anterior commissure not well preserved; surface 
finely costate. 
Ventral valve moderately convex in lateral profile, anterior profile moderately 
domed; lateral slopes gently to moderately steep; beak and umbo not preserved; 
interarea moderately high, somewhat concave; sulcus broadly rounded, generally 
wide and shallow, significantly deep only at anterior part of valve; sulcus originating 
near umbo, relatively narrow and shallow, but becoming wider and deeper while 
extending to anterior margin; surface finely costate, very weak fasciculation; fine 
radial costae evenly separated by narrow grooves between them, about six to seven 
costae in 5 mm at middle valve, costae increasing in number anteriorly by 
intercalation; concentric laminae irregularly distributed at anterior part of valve. 
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Dorsal valve moderately convex in lateral profile, most convex mainly along 
dorsal fold; beak and umbo not preserved; median fold originating from umbonal 
region, gradually getting higher and wider toward anterior margin with rounded crest; 
surface costae similar to those of ventral valve. 
Internal structures of both valves poorly preserved. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
NIGP Kin. 01 
NIGP Kin. 02 
NIGP Kin. 03 
NIGP Kin. 04 
38.05 
46.38 
45.54 
38.56 
- 
- 
- 
54.68 
 
Discussion.—The specimens described here are somewhat smaller than those 
of Kaninospirifer incertiplicatus originally described by Pavlova in Pavlova et al. 
(1991, p. 132, pl. 29, figs 7-8) from the same area of southeastern Mongolia. Because 
of the poor preservation of current specimens, any further comparion between 
Pavlova‘s specimens and our specimens is difficult, however, the general outline and 
surface ornamentations are the same as in Pavlova‘s specimens. The specimens 
illustrated by Afanasjeva et al. (2003, p. 144, pl. 62, figs 10-11) as K. adpressum (Liu 
and Waterhouse, 1985) are exactly the same specimens of Pavlova‘s original 
illustrations, so they should belong to K. incertiplicatus. 
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Kaninospirifer incertiplicatus differs from K. adpressum described above by 
its semicircular outline and rounded fold crest on dorsal valve. Compared with present 
species, K. stepanovi (Grunt in Grunt and Afanasjeva, 2006, p. 154, pl. 13, fig. 11; pl. 
14, figs 3-5) from the Middle Permian (Roadian to Capitanian) of Kanin Peninsula, 
Russia is recognized to have lower convexity on ventral valve, less developed sulcus 
and higher ventral interarea. 
 
Occurrence.—JL 1, 2, 4; Dzhirem-Ula section, Roadian to Wordian. 
 
Family SPIRIFERELLIDAE Waterhouse, 1968b 
Genus Spiriferella Tschernyschew, 1902 
 
Type species.— Spirifer saranae Verneuil, 1845, p. 169, pl. 6, figs 15a-15b from the 
Lower Permian, Russia. 
 
Spiriferella Tschernyschew, 1902, p. 121. 
Spiriferella Grabau, 1931, p. 128. 
Spiriferella Stepanov, 1937b, p. 21. 
Spiriferella Dunbar, 1955, p. 136. 
Spiriferella Wang, 1955, p. 166. 
Spiriferella Harker and Thorsteinsson, 1960, p. 70. 
Spiriferella Gobbett, 1964, p. 149. 
Spiriferella Wang, Jin and Fang, 1964, p. 592. 
Spiriferella Nelson and Johnson, 1968, p. 728. 
Spiriferella Barchatova, 1970, p. 172. 
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Spiriferella Lee and Gu, 1976, p. 293. 
Spiriferella Cooper and Grant, 1976a, p. 2221. 
Spiriferella Zhang and Jin, 1976, p. 210. 
Spiriferella Waterhouse, Waddington and Archbold, 1978, p. 416. 
Spiriferella Waterhouse and Waddington, 1982, p. 11. 
Spiriferella Archbold and Thomas, 1985, p. 36. 
Spiriferella Abramov and Grigorjewa, 1988, p. 155. 
Spiriferella Kalashnikov, 1998, p. 58. 
Spiriferella Wang and Zhang, 2003, p. 157. 
Spiriferella Carter, 2006, p. 1805. 
 
Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
 
Spiriferella keilhaviiformis Fredericks, 1916 
Plate 106, Figures 14-23; Plate 107, Figures 1-14 
 
1916  Spiriferella rajah (Salter) var. keilhaviiformis Fredericks, p. 85, pl. 5, fig. 7. 
1931  Spiriferella keilhaviiformis Fredericks; Grabau, p. 160, pl. 21, figs 6-7. 
1980  Spiriferella keilhaviiformis Fredericks; Lee, Gu and Su, p. 419, pl. 178, figs 11-
12. 
1991  Spiriferella keilhaviiformis Fredericks; Pavlova et al., p. 126, pl. 30, fig. 8. 
 
Materials.—Forty-five specimens, all ventral material. Registered specimens: 
six ventral valves (NIGP (Spk. 01-06)). 
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Description.—Small to Medium in size for genus, average length about 24 
mm and average width about 26 mm, slightly wider than long; transversely ovate in 
outline, widest around midvalve; hinge slightly narrower than shell width; sides and 
anterior margin rounded; cardinal extremities slightly auriculate; anterior commissure 
somewhat uniplicate, weakly plicated laterally; sulcus developed; surface strongly 
costate, producing plications. 
Ventral valve moderately to strongly convex in lateral view; beak prominent, 
strongly hooked, slightly protruding beyond hinge line with pointed tip; umbo 
strongly incurved, umbonal angle less than 90º; umbonal slopes moderately long and 
steep, slightly concave; lateral slopes long and gradually sloping; interarea moderately 
high, weakly to moderately concave; delthyrium triangular in shape; median sulcus 
relatively shallow and narrow, defined by two broadly high plications, originating 
from beak, narrow and shallow at posterior part, then gradually widening and 
deepening to anterior margin, broadly rounded on floor; surface strongly costate, 
costae broad and rounded, beginning at beak, making low plications on shell; each 
flank bearing four to five plicatons, plications moderately high with crest rounded, 
separated by shallow, moderately wide and rounded interspaces. 
Internal structures of ventral valve not observed. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W 
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NIGP Spk. 01 
NIGP Spk. 02 
NIGP Spk. 03 
NIGP Spk. 04 
NIGP Spk. 05 
NIGP Spk. 06 
20.56 
24.53 
21.08 
23.73 
29.21 
22.46 
23.74 
22.91 
22.95 
24.59 
33.92 
25.90 
 
Discussion.— The detailed discussion of this species can be found in the 
previous chapter. The specimens from the Dzhirem-Ula section are somewhat smaller 
than the same species from the Hovsugol section, but otherwise they are identical. 
 
Occurrence.— JL 4; JL-E 5, 6; Dzhirem-Ula section, Roadian to Capitanian. 
 
Genus Alispiriferella Waterhouse and Waddington, 1982 
 
Type species.— Spirifer (Spiriferella) keilhavii var. ordinaria Einor in Licharew and 
Einor, 1939, p. 140, pl. 23, figs 6-7; pl. 24, fig. 1 from the Lower Permian (Cisuralian) 
of Novaya Zemlya, Russia. 
 
Alispiriferella Waterhouse and Waddington, 1982, p. 30. 
Alispiriferella Abramov and Grigorjewa, 1988, p. 157. 
Alispiriferella Pavlova et al., 1991, p. 127. 
Alispiriferella Shi and Waterhouse, 1996, p. 133. 
Alispiriferella Afanasjeva et al., 2003, p. 147. 
Alispiriferella Wang and Zhang, 2003, p. 153. 
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Alispiriferella Carter, 2006, p. 1805. 
 
Discussion.—The detailed discussion of this genus is given in the previous 
chapter. 
 
Alispiriferella lita (Fredericks, 1924a) 
Plate 107, Figures 15-23; Plate 108, Figures 1-13 
 
1924a Spiriferella saranae mut. lita Fredericks, p. 36, pl. 1, figs 16-27; text-figures 
2a-2b. 
1925 Spirifer cf. saranae mut. lita (Fredericks); Hayasaka, p. 98, pl. 5, fig. 14. 
1937b Spiriferella lita (Fredericks); Stepanov, p. 32, pl. 1, fig. 11; pl. 2, figs 10-11; 
pl. 5, fig. 5; pl. 11, fig. 1. 
1944 Spiriferella cf. saranae mut. lita Fredericks; Nonaka, p. 86, pl. 7, figs 12-14. 
1963 Spiriferella lita (Fredericks); Ustritsky and Tschernjak, p. 109, pl. 36, figs 8-9. 
1979 Spiriferella lita (Fredericks); Tazawa, p. 28, pl. 4, figs 12-13; pl. 5, figs 1-4, 6. 
1991 Alispiriferella lita (Fredericks); Pavlova et al., p. 128, pl. 30, figs 9-10, 15. 
2000 Spiriferella cf. lita (Fredericks); Tazawa, Takizawa and Kamada, p. 12, pl. 1, 
figs 16-17. 
2000 Spiriferella lita (Fredericks); Tazawa, fig. 3.9. 
2001 Spiriferella lita (Fredericks); Tazawa, p. 302, figs 8.19-8.22. 
2001 Alispiriferella japonica Tazawa, p. 303, figs 8.15-8.18. 
2006 Spiriferella lita (Fredericks); Tazawa and Chen, p. 336, fig. 6.4. 
2007 Alispiriferella lita (Fredericks); Tazawa and Hasegawa, p. 9, figs 5.3-5.11. 
2008a Alispiriferella lita (Fredericks); Tazawa, p. 41, figs 6.6-6.7. 
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2008b Alispiriferella lita (Fredericks); Tazawa, p. 55, figs 9.8a-9.14. 
2009 Alispiriferella lita (Fredericks); Tazawa, p. 74, figs 5.4a-5.9. 
 
Materials.— Twelve specimens. Registered specimens: one incomplete 
conjoined shell (NIGP (Alt. 01)) and five ventral valves (NIGP (Alt. 02-06)). 
 
Description.—Shell medium to large for genus, average length about 32 mm 
and width about 40 mm, wider than long; transversely subcircular in outline, greatest 
width variably placed between hinge and midlength; biconvex shell with ventral valve 
much more convex than dorsal valve in lateral view; hinge not completely preserved; 
sides broadly rounded; cardinal extremeties not preserved; anterior commissure 
broadly uniplicate; sulcus and fold developed; surface strongly costate, producing 
plications. 
Ventral valve moderately to strongly convex in lateral profile, with maximum 
convexity at umbonal region or slightly anterior; beak small and strongly incurved, 
hanging over hinge line; interarea moderately high, broad and gently concave, with 
large delthyrium; umbo strongly incurved, umbonal slopes moderately long and steep, 
gently concave; lateral slopes long and gently inclined; median sulcus narrow and 
moderately deep on posterior half, then widening and deepening toward anterior 
margin with a broad V-shaped tongue protruding dorsally; sulcus with one or two 
pairs of weak costae; external surface strongly costate, about 4 pairs of strong, simple, 
high and sharp or broad-crested plicae on each side of sulcus; interspaces of plicae 
narrow and concave; concentric lines fine and faint. 
Dorsal valve gently convex in both lateral and anterior profiles; umbo not 
preserved; dorsal fold moderately high and wide, steep-sided anteriorly; external 
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ornament of dorsal valve similar to that of ventral valve, but with relatively narrower 
and lower plicae and wider interspaces. 
Ventral valve interior with deeply impressed muscle field, muscle field heart-
shaped in outline. 
 
Measurements (in mm).— (L = length, W = width, T = thickness, HW = hinge 
width, IH = interarea height). 
 
Specimen no. L W T 
NIGP Alt. 01 
NIGP Alt. 02 
NIGP Alt. 03 
NIGP Alt. 04 
NIGP Alt. 05 
NIGP Alt. 06 
23.55 
55.08 
38.94 
20.63 
29.00 
27.71 
39.52 
59.32 
42.93 
28.27 
36.33 
33.03 
14.14 
- 
- 
- 
- 
- 
 
Discussion.—The detailed discussions and comparisons of this species can be 
found in the previous chapter. The specimens from the Dzhirem-Ula section are 
greatly variable in shell size: for example, the small specimens are measured just 
about 20 mm in length while the big specimens are measured about 55 mm in length, 
but the general outline and shell ornamentations are the same as those described from 
the Hovsugol section. 
 
Occurrence.—JL-E 6; Dzhirem-Ula section, Capitanian. 
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CAPTIONS OF PLATES 
 
Plate 1 
Figures 1-33. Dyoros (Dyoros) semicircularis Afanasjeva, 1991 
           1. Ventral  view of an internal mould of a ventral valve, NIGP (DDs01), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           2. Ventral view of an internal mould of a ventral valve, NIGP (DDs02), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           3. Dorsal view of an external mould of a dorsal valve, NIGP (DDs03), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           4. Ventral view of an internal mould of a ventral valve, NIGP (DDs04), from 
bed 13 of Hovsugol section in southeast Mongolia. 
           5. Ventral view of an internal mould of a ventral valve, NIGP (DDs05), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           6. Ventral view of an internal mould of a ventral valve, NIGP (DDs06), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           7. Ventral view of an internal mould of a ventral valve, NIGP (DDs07), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           8. Ventral view of an internal mould of a ventral valve, NIGP (DDs08), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           9. Ventral view of an internal mould of a ventral valve, NIGP (DDs09), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           10. Ventral view of an internal mould of a ventral valve, NIGP (DDs10), from 
bed 5 of Hovsugol section in southeast Mongolia. 
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           11. Ventral view of an internal mould of a ventral valve, NIGP (DDs11), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of an internal mould of a ventral valve, NIGP (DDs12), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           13. Ventral view of an internal mould of a ventral valve, NIGP (DDs13), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of an internal mould of a ventral valve, NIGP (DDs14), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of an internal mould of a ventral valve, NIGP (DDs15), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           16. Ventral view of an internal mould of a ventral valve, NIGP (DDs16), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           17. Ventral view of an internal mould of a ventral valve, NIGP (DDs17), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           18. Ventral view of an internal mould of a ventral valve, NIGP (DDs18), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           19-20. Ventral and dorsal views of an internal mould of a conjoined shell, 
NIGP (DDs19), from bed 5 of Hovsugol section in southeast Mongolia. 
           21. Ventral view of an external mould of a ventral valve, NIGP (DDs20), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           22. Ventral view of an external mould of a ventral valve, NIGP (DDs21), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           23. Ventral view of an external mould of a ventral valve, NIGP (DDs22), from 
bed 5 of Hovsugol section in southeast Mongolia. 
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           24-25. Ventral and dorsal views of an internal mould of a conjoined shell, 
NIGP (DDs23), from bed 5 of Hovsugol section in southeast Mongolia. 
           26. Ventral view of an internal mould of a ventral valve, NIGP (DDs24), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           27. Ventral view of an internal mould of a ventral valve, NIGP (DDs25), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           28. Ventral view of an internal mould of a ventral valve, NIGP (DDs26), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           29. Ventral view of an internal mould of a ventral valve, NIGP (DDs27), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           30. Ventral view of an internal mould of a ventral valve, NIGP (DDs28), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           31. Ventral view of an internal mould of a ventral valve, NIGP (DDs29), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           32. Ventral view of an internal mould of a ventral valve, NIGP (DDs30), from 
bed 8 of Hovsugol section in southeast Mongolia. 
           33. Ventral view of a ventral valve, NIGP (DDs31), from bed 6 of Hovsugol 
section in southeast Mongolia. 
 
Plate 2 
Figures 1-6. Dyoros (Dyoros) semicircularis Afanasjeva, 1991 
           1. Ventral view of a ventral valve, NIGP (DDs32), from bed 8 of Hovsugol 
section in southeast Mongolia. 
           2. Dorsal view of an internal mould of a dorsal valve, NIGP (DDs33), from bed 
6 of Hovsugol section in southeast Mongolia. 
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           3. Dorsal view of an internal mould of a dorsal valve, NIGP (DDs34), from bed 
6 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an external mould of a dorsal valve, NIGP (DDs35), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           5. Dorsal view of an external mould of a dorsal valve, NIGP (DDs36), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           6. Dorsal view of an external mould of a dorsal valve, NIGP (DDs37), from 
bed 6 of Hovsugol section in southeast Mongolia. 
Figures 7-9. Dyoros (Dyoros) extensiformis Cooper and Grant, 1975 
           7. Dorsal view of an incomplete dorsal valve, NIGP (DDe01), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           8. Dorsal view of an internal mould of a dorsal valve, NIGP (DDe02), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           9. Dorsal view of an external mould of a dorsal valve, NIGP (DDe03), from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 10-26. Dyoros (Dyoros) magniconvexus new species 
           10. Ventral view of an internal mould of a ventral valve, holotype, NIGP 
(DDm01), from bed 5 of Hovsugol section in southeast Mongolia. 
           11. Ventral view of an internal mould of a ventral valve, NIGP (DDm02), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of an internal mould of a ventral valve, NIGP (DDm03), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           13-14. Ventral and dorsal views of an internal mould of a conjoined shell, 
NIGP (DDm04), from bed 5 of Hovsugol section in southeast Mongolia. 
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           15. Ventral view of an internal mould of a ventral valve, NIGP (DDm05), from 
bed 5 of Hovsugol section in southeast Mongolia. 
          16. Dorsal view of an external mould of a dorsal valve, NIGP (DDm06), from 
bed 5 of Hovsugol section in southeast Mongolia. 
          17. Ventral view of an internal mould of a ventral valve, NIGP (DDm07), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           18. Dorsal view of an external mould of a dorsal valve, NIGP (DDm08), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           19. Dorsal view of an external mould of a dorsal valve, NIGP (DDm09), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           20. Ventral view of an internal mould of a ventral valve, NIGP (DDm10), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           21. Ventral view of an external mould of a ventral valve, NIGP (DDm11), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           22. Ventral view of an external mould of a ventral valve, NIGP (DDm12), 
from bed 14 of Hovsugol section in southeast Mongolia. 
           23. Ventral view of an incomplete ventral valve, NIGP (DDm13), from bed 6 
of Hovsugol section in southeast Mongolia. 
           24. Ventral view of a ventral valve, NIGP (DDm14), from bed 6 of Hovsugol 
section in southeast Mongolia. 
           25. Ventral view of an incomplete ventral valve, NIGP (DDm15), from bed 8 
of Hovsugol section in southeast Mongolia. 
           26. Dorsal view of an external mould of a dorsal valve, NIGP (DDm16), from 
bed 14 of Hovsugol section in southeast Mongolia. 
Figures 27-30. Dyoros (Dyoros) grandis Afanasjeva, 1977 
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           27. Ventral view of an internal mould of a ventral valve, NIGP (DDg01), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           28. Ventral view of a ventral valve, NIGP (DDg02), from bed 6 of Hovsugol 
section in southeast Mongolia. 
           29. Ventral view of a ventral valve, NIGP (DDg03), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           30. Ventral view of an internal mould of a ventral valve, NIGP (DDg04), from 
bed 6 of Hovsugol section in southeast Mongolia. 
 
 
Plate 3 
Figures 1-12. Dyoros (Dyoros) grandis Afanasjeva, 1977 
           1. Ventral view of an internal mould of a ventral valve, NIGP (DDg05), from 
bed 9 of Hovsugol section in southeast Mongolia. 
           2. Ventral view of an internal mould of a ventral valve, NIGP (DDg06), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           3. Ventral view of an internal mould of a ventral valve, NIGP (DDg07), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           4. Ventral view of an internal mould of a ventral valve, NIGP (DDg08), from 
bed 9 of Hovsugol section in southeast Mongolia. 
           5. Ventral view of an internal mould of a ventral valve, NIGP (DDg09), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           6. Ventral view of an internal mould of a ventral valve, NIGP (DDg10), from 
bed 5 of Hovsugol section in southeast Mongolia. 
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           7. Ventral view of an internal mould of a ventral valve, NIGP (DDg11), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           8. Ventral view of an internal mould of a ventral valve, NIGP (DDg12), from 
bed 6 of Hovsugol section in southeast Mongolia. 
          9. Ventral view of an internal mould of a ventral valve, NIGP (DDg13), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           10. Dorsal view of an external mould of a dorsal valve, NIGP (DDg14), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           11. Ventral view of an internal mould of a ventral valve, NIGP (DDg15), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           12. Dorsal view of a dorsal valve, NIGP (DDg16), from bed 6 of Hovsugol 
section in southeast Mongolia. 
 
Figures 13-21. Dyoros (Dyoros) borealis Afanasjeva, 2006 
           13. Ventral view of an internal mould of a ventral valve, NIGP (DDb01), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of an internal mould of a ventral valve, NIGP (DDb02), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of an internal mould of a ventral valve, NIGP (DDb03), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           16. Ventral view of an internal mould of a ventral valve, NIGP (DDb04), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           17. Ventral view of a ventral valve, NIGP (DDb05), from bed 5 of Hovsugol 
section in southeast Mongolia. 
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           18. Ventral view of a ventral valve, NIGP (DDb06), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           19. Ventral view of a ventral valve, NIGP (DDb07), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           20. Ventral view of a ventral valve, NIGP (DDb08), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           21. Ventral view of a ventral valve, NIGP (DDb09), from bed 6 of Hovsugol 
section in southeast Mongolia. 
Figures 22-25. Dyoros (Dyoros) cf. pseudotrapezoidalis (Miloradovich, 1947) 
           22. Ventral view of a ventral valve, NIGP (DDp01), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           23. Ventral view of an internal mould of a ventral valve, NIGP (DDp02), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           24. Ventral view of an internal mould of a ventral valve, NIGP (DDp03), from 
bed 6 of Hovsugol section in southeast Mongolia. 
           25. Ventral view of a ventral valve, NIGP (DDp04), from bed 5 of Hovsugol 
section in southeast Mongolia. 
Figures 26-28. Dyoros (Lissosia) planiminisculus new species 
           26. Ventral view of a ventral valve, holotype, NIGP (DLp01), from bed 9 of 
Hovsugol section in southeast Mongolia. 
           27. Ventral view of a ventral valve, NIGP (DLp02), from bed 6 of Hovsugol 
section in southeast Mongolia. 
           28. Ventral view of a ventral valve, NIGP (DLp03), from bed 9 of Hovsugol 
section in southeast Mongolia. 
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Plate 4 
Figures 1-9. Dyoros (Lissosia) planiminisculus new species 
           1. Dorsal view of an internal mould of a dorsal valve, NIGP (DLp04), from bed 
9 of Hovsugol section in southeast Mongolia. 
           2. Ventral view of a ventral valve, NIGP (DLp05), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           3. Dorsal view of a dorsal valve, NIGP (DLp06), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           4. Ventral view of a ventral valve, NIGP (DLp07), from bed 6 of Hovsugol 
section in southeast Mongolia. 
           5. Ventral view of a ventral valve, NIGP (DLp08), from bed 6 of Hovsugol 
section in southeast Mongolia. 
           6. Ventral view of a ventral valve, NIGP (DLp09), from bed 13 of Hovsugol 
section in southeast Mongolia. 
           7. Ventral view of a ventral valve, NIGP (DLp10), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           8. Ventral view of a ventral valve, NIGP (DLp11), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           9. Ventral view of an external mould of a ventral valve, NIGP (DLp12), from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 10-31. Uraloproductus stuckenbergianus (Krotow, 1885) 
           10. Dorsal view of an external mould of a dorsal valve, NIGP (Us01), from bed 
7 of Hovsugol section in southeast Mongolia. 
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           11. Dorsal view of an external mould of a dorsal valve, NIGP (Us02), from bed 
7 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP (Us03), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           13. Ventral view of a ventral valve, NIGP (Us04), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           14. Ventral view of a ventral valve, NIGP (Us05), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           15. Ventral view of a ventral valve, NIGP (Us06), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           16. Ventral view of a ventral valve, NIGP (Us07), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           17. Dorsal view of an external mould of a dorsal valve, NIGP (Us08), from bed 
14 of Hovsugol section in southeast Mongolia. 
           18. Ventral view of a ventral valve, NIGP (Us09), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           19. Dorsal view of an external mould of a dorsal valve, NIGP (Us10), from bed 
5 of Hovsugol section in southeast Mongolia. 
           20. Dorsal view of an external mould of a dorsal valve, NIGP (Us11), from bed 
14 of Hovsugol section in southeast Mongolia. 
           21. Ventral view of a ventral valve, NIGP (Us12), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           22. Dorsal view of an external mould of a dorsal valve, NIGP (Us13), from bed 
14 of Hovsugol section in southeast Mongolia. 
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           23. Dorsal view of an external mould of a dorsal valve, NIGP (Us14), from bed 
14 of Hovsugol section in southeast Mongolia. 
           24. Dorsal view of an external mould of a dorsal valve, NIGP (Us15), from bed 
14 of Hovsugol section in southeast Mongolia. 
           25. Ventral view of a ventral valve, NIGP (Us16), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           26. Dorsal view of an external mould of a dorsal valve, NIGP (Us17), from bed 
14 of Hovsugol section in southeast Mongolia. 
           27. Ventral view of a ventral valve, NIGP (Us18), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           28. Ventral view of a ventral valve, NIGP (Us19), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           29. Dorsal view of an external mould of a dorsal valve, NIGP (Us20), from bed 
5 of Hovsugol section in southeast Mongolia. 
           30. Dorsal view of an external mould of a dorsal valve, NIGP (Us21), from bed 
14 of Hovsugol section in southeast Mongolia. 
           31. Ventral view of an external mould of a ventral valve, NIGP (Us22), from 
bed 5 of Hovsugol section in southeast Mongolia. 
 
Plate 5 
Figures 1-5. Uraloproductus bilobatus Abramov and Grigorjewa, 1988 
           1. Ventral view of a ventral valve, NIGP (Ub01), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           2. Ventral view of a ventral valve, NIGP (Ub02), from bed 14 of Hovsugol 
section in southeast Mongolia. 
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           3. Dorsal view of an external mould of a dorsal valve, NIGP (Ub03), from bed 
14 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an external mould of a dorsal valve, NIGP (Ub04), from bed 
14 of Hovsugol section in southeast Mongolia. 
           5. Ventral view of a ventral valve, NIGP (Ub05), from bed 5 of Hovsugol 
section in southeast Mongolia. 
Figures 6-41. Paramarginifera nativa Manankov, 1991 
           6-7. Ventral and lateral views of a ventral valve, NIGP (Pa01), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           8-10. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa02), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           11-13. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa03), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           14. Dorsal view of an external mould of a dorsal valve, NIGP (Pa04), from bed 
5 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of a ventral valve, NIGP (Pa05), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           16-17. Ventral and lateral views of a ventral valve, NIGP (Pa06), from bed 7 of 
Hovsugol section in southeast Mongolia. 
           18. Ventral view of a ventral valve, NIGP (Pa07), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           19-20. Ventral and lateral views of a ventral valve, NIGP (Pa08), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           21. Ventral view of a ventral valve, NIGP (Pa09), from bed 5 of Hovsugol 
section in southeast Mongolia. 
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           22. Dorsal view of an external mould of a dorsal valve, NIGP (Pa10), from bed 
5 of Hovsugol section in southeast Mongolia. 
           23. Dorsal view of an external mould of a dorsal valve, NIGP (Pa11), from bed 
14 of Hovsugol section in southeast Mongolia. 
           24-26. Anterior, posterior and lateral views of an external mould of a dorsal 
valve, NIGP (Pa12), from bed 14 of Hovsugol section in southeast 
Mongolia. 
           27. Ventral view of a ventral valve, NIGP (Pa13), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           28-29. Anterior and posterior views of a ventral valve, NIGP (Pa14), from bed 
5 of Hovsugol section in southeast Mongolia. 
           30-32. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa15), 
from bed 6 of Hovsugol section in southeast Mongolia. 
          33-35. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa16), 
from bed 7 of Hovsugol section in southeast Mongolia. 
           36. Ventral view of a ventral valve, NIGP (Pa17), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           37. Ventral view of a ventral valve, NIGP (Pa18), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           38-40. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa19), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           41. Dorsal view of an external mould of a dorsal valve, NIGP (Pa20), from bed 
14 of Hovsugol section in southeast Mongolia. 
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Plate 6 
Figures 1-36. Paramarginifera nativa Manankov, 1991 
           1. Ventral view of a ventral valve, NIGP (Pa21), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2-3. Ventral and lateral views of a ventral valve, NIGP (Pa22), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           4-5. Anterior and lateral views of a ventral valve, NIGP (Pa23), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           6-8. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa24), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           9-11. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa25), 
from bed 8 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP (Pa26), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           13. Ventral view of a ventral valve, NIGP (Pa27), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           14. Ventral view of a ventral valve, NIGP (Pa28), from bed 8 of Hovsugol 
section in southeast Mongolia. 
           15. Dorsal view of an external mould of a dorsal valve, NIGP (Pa29), from bed 
14 of Hovsugol section in southeast Mongolia. 
           16. Ventral view of a ventral valve, NIGP (Pa30), from bed 5 of Hovsugol 
section in southeast Mongolia. 
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           17. Ventral view of a ventral valve, NIGP (Pa31), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           18-20. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa32), 
from bed 14 of Hovsugol section in southeast Mongolia. 
           21. Dorsal view of an external mould of a dorsal valve, NIGP (Pa33), from bed 
14 of Hovsugol section in southeast Mongolia. 
           22. Ventral view of a ventral valve, NIGP (Pa34), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           23-26. Ventral, dorsal, anterior and lateral views of a conjoined shell, NIGP 
(Pa35), from bed 7 of Hovsugol section in southeast Mongolia. 
          27-28. Ventral and lateral views of a ventral valve, NIGP (Pa36), from bed 14 
of Hovsugol section in southeast Mongolia. 
           29-31. Anterior, posterior and lateral views of a ventral valve, NIGP (Pa37), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           32. Ventral view of a ventral valve, NIGP (Pa38), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           33. Ventral view of a ventral valve, NIGP (Pa39), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           34. Dorsal view of an external mould of dorsal valve, NIGP (Pa40), from bed 7 
of Hovsugol section in southeast Mongolia. 
           35. Dorsal view of an external mould of a dorsal valve, NIGP (Pa41), from bed 
14 of Hovsugol section in southeast Mongolia. 
           36. Dorsal view of an external mould of a dorsal valve, NIGP (Pa42), from bed 
14 of Hovsugol section in southeast Mongolia. 
Figure 37. Paramarginifera pentagona new species 
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           37. Ventral view of a ventral valve, holotype, NIGP (Pp01), from bed 7 of 
Hovsugol section in southeast Mongolia. 
 
Plate 7 
Figures 1-36. Paramarginifera pentagona new species 
           1. Lateral view of a ventral valve, holotype, NIGP (Pp01), from bed 7 of 
Hovsugol section in southeast Mongolia. 
           2-3. Ventral and lateral views of a ventral valve, NIGP (Pp02), from bed 7 of 
Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an external mould of a dorsal valve, NIGP (Pp03), from bed 
7 of Hovsugol section in southeast Mongolia. 
           5-6. Ventral and lateral views of a ventral valve, NIGP (Pp04), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           7. Dorsal view of an external mould of a dorsal valve, NIGP (Pp05), from bed 
5 of Hovsugol section in southeast Mongolia. 
           8-10. Ventral, posterior and lateral views of a ventral valve, NIGP (Pp06), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           11. Ventral view of a ventral valve, NIGP (Pp07), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           12-14. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp08), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of a ventral valve, NIGP (Pp09), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           16. Posterior view of a ventral valve, NIGP (Pp10), from bed 7 of Hovsugol 
section in southeast Mongolia. 
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           17-19. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp11), 
from bed 14 of Hovsugol section in southeast Mongolia. 
           20-21. Ventral and lateral views of a ventral valve, NIGP (Pp12), from bed 7 of 
Hovsugol section in southeast Mongolia. 
           22. Ventral view of a ventral valve, NIGP (Pp13), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           23. Ventral view of a ventral valve, NIGP (Pp14), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           24-26. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp15), 
from bed 5 of Hovsugol section in southeast Mongolia. 
          27. Ventral view of a ventral valve, NIGP (Pp16), from bed 7 of Hovsugol 
section in southeast Mongolia. 
           28-29. Ventral and lateral views of a ventral valve, NIGP (Pp17), from bed 8 of 
Hovsugol section in southeast Mongolia. 
           30-32. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp18), 
from bed 8 of Hovsugol section in southeast Mongolia. 
           33-35. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp19), 
from bed 8 of Hovsugol section in southeast Mongolia. 
           36. Anterior view of a ventral valve, NIGP (Pp20), from bed 8 of Hovsugol 
section in southeast Mongolia. 
 
Plate 8 
Figures 1-14. Paramarginifera pentagona new species 
           1-2. Posterior and lateral views of a ventral valve, NIGP (Pp20), from bed 8 of 
Hovsugol section in southeast Mongolia. 
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           3-4. Anterior and lateral views of a ventral valve, NIGP (Pp21), from bed 8 of 
Hovsugol section in southeast Mongolia. 
           5-7. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp22), from 
bed 8 of Hovsugol section in southeast Mongolia. 
           8. Ventral view of an incomplete ventral valve, NIGP (Pp23), from bed 7 of 
Hovsugol section in southeast Mongolia. 
           9-11. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp24), 
from bed 8 of Hovsugol section in southeast Mongolia. 
           12-14. Anterior, posterior and lateral views of a ventral valve, NIGP (Pp25), 
from bed 5 of Hovsugol section in southeast Mongolia. 
Figures 15-35. Paramarginifera convexa new species 
           15-17. Anterior, posterior and lateral views of a ventral valve, holotype, NIGP 
(Pc01), from bed 5 of Hovsugol section in southeast Mongolia. 
           18-20. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc02), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           21-23. Anterior, posterior and lateral views of an external mould of a dorsal 
valve, NIGP (Pc03), from bed 7 of Hovsugol section in southeast 
Mongolia. 
           24-26. Anterior, posterior and lateral views of an external mould of a dorsal 
valve, NIGP (Pc04), from bed 7 of Hovsugol section in southeast 
Mongolia. 
           27-29. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc05), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           30-32. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc06), 
from bed 5 of Hovsugol section in southeast Mongolia. 
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           33-35. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc07), 
from bed 5 of Hovsugol section in southeast Mongolia. 
 
 
Plate 9 
Figures 1-36. Paramarginifera convexa new species 
           1-3. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc08), from 
bed 14 of Hovsugol section in southeast Mongolia. 
           4-7. Dorsal, anterior, posterior and lateral views of an external mould of a 
dorsal valve, NIGP (Pc09), from bed 7 of Hovsugol section in southeast 
Mongolia. 
           8. Ventral view of an incomplete ventral valve, NIGP (Pc10), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           9-10. Ventral and lateral views of a ventral valve, NIGP (Pc11), from bed 7 of 
Hovsugol section in southeast Mongolia. 
           11-13. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc12), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           14-15. Posterior and lateral views of a ventral valve, NIGP (Pc13), from bed 5 
of Hovsugol section in southeast Mongolia. 
           16. Dorsal view of a dorsal valve, NIGP (Pc14), from bed 14 of Hovsugol 
section in southeast Mongolia. 
           17-18. Ventral and lateral views of a ventral valve, NIGP (Pc15), from bed 14 
of Hovsugol section in southeast Mongolia. 
           19-21. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc16), 
from bed 5 of Hovsugol section in southeast Mongolia. 
553  
           22. Ventral view of a ventral valve, NIGP (Pc17), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           23-24. Ventral and lateral views of a ventral valve, NIGP (Pc18), from bed 14 
of Hovsugol section in southeast Mongolia. 
           25. Dorsal view of an incomplete external mould of a dorsal valve, NIGP 
(Pc19), from bed 7 of Hovsugol section in southeast Mongolia. 
           26-28. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc20), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           29-31. Anterior, posterior and lateral views of an external mould of a dorsal 
valve, NIGP (Pc21), from bed 5 of Hovsugol section in southeast 
Mongolia. 
           32-34. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc22), 
from bed 5 of Hovsugol section in southeast Mongolia. 
            35. Dorsal view of an external mould of a dorsal valve, NIGP (Pc23), from 
bed 7 of Hovsugol section in southeast Mongolia. 
            36. Dorsal view of an external mould of a dorsal valve, NIGP (Pc24), from 
bed 7 of Hovsugol section in southeast Mongolia. 
 
Plate 10 
Figures 1-7. Paramarginifera convexa new species 
           1. Ventral view of a ventral valve, NIGP (Pc25), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2-4. Anterior, posterior and lateral views of an external mould of a dorsal valve, 
NIGP (Pc26), from bed 7 of Hovsugol section in southeast Mongolia. 
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           5-7. Anterior, posterior and lateral views of a ventral valve, NIGP (Pc27), from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 8-38. Paramarginifera sulcata new species 
           8-10. Anterior, posterior and lateral views of a ventral valve, holotype, NIGP 
(Ps01), from bed 14 of Hovsugol section in southeast Mongolia. 
           11-13. Anterior, posterior and lateral views of a ventral valve, NIGP (Ps02), 
from bed 14 of Hovsugol section in southeast Mongolia. 
           14. Dorsal view of an external mould of a dorsal valve, NIGP (Ps03), from bed 
14 of Hovsugol section in southeast Mongolia. 
           15-17. Anterior, posterior and lateral views of an internal mould of a ventral 
valve, NIGP (Ps04), from bed 14 of Hovsugol section in southeast 
Mongolia. 
           18-20. Anterior, posterior and lateral views of a ventral valve, NIGP (Ps05), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           21. Dorsal view of an external mould of a dorsal valve, NIGP (Ps06), from bed 
14 of Hovsugol section in southeast Mongolia. 
           22. Dorsal view of an external mould of a dorsal valve, NIGP (Ps07), from bed 
14 of Hovsugol section in southeast Mongolia. 
           23-24. Ventral and lateral views of an internal mould of a ventral valve, NIGP 
(Ps08), from bed 5 of Hovsugol section in southeast Mongolia. 
           25-27. Anterior, posterior and lateral views of an internal mould of a ventral 
valve, NIGP (Ps09), from bed 14 of Hovsugol section in southeast 
Mongolia. 
           28-29. Ventral and lateral views of a ventral valve, NIGP (Ps10), from bed 14 
of Hovsugol section in southeast Mongolia. 
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           30-31. Ventral and lateral views of a ventral valve, NIGP (Ps11), from bed 8 of 
Hovsugol section in southeast Mongolia. 
           32-33. Ventral and lateral views of a ventral valve, NIGP (Ps12), from bed 8 of 
Hovsugol section in southeast Mongolia. 
            34. Ventral view of a ventral valve, NIGP (Ps13), from bed 7 of Hovsugol 
section in southeast Mongolia. 
            35-36. Ventral and lateral views of an internal mould of a ventral valve, NIGP 
(Ps14), from bed 5 of Hovsugol section in southeast Mongolia. 
           37-38. Ventral and lateral views of a ventral valve, NIGP (Ps15), from bed 5 of 
Hovsugol section in southeast Mongolia. 
 
Plate 11 
Figures 1-15. Paramarginifera sulcata new species 
           1-2. Ventral and lateral views of a ventral valve, NIGP (Ps16), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           3-4. Ventral and lateral views of a ventral valve, NIGP (Ps17), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           5-7. Anterior, posterior and lateral views of a ventral valve, NIGP (Ps18), from 
bed 5 of Hovsugol section in southeast Mongolia. 
           8-9. Ventral and lateral views of a ventral valve, NIGP (Ps19), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           10. Dorsal view of an external mould of a dorsal valve, NIGP (Ps20), from bed 
8 of Hovsugol section in southeast Mongolia. 
            11. Posterior view of a ventral valve, NIGP (Ps21), from bed 7 of Hovsugol 
section in southeast Mongolia. 
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            12. Ventral view of a ventral valve, NIGP (Ps22), from bed 5 of Hovsugol 
section in southeast Mongolia. 
            13-15. Anterior, posterior and lateral views of an internal mould of a ventral 
valve, NIGP (Ps23), from bed 14 of Hovsugol section in southeast 
Mongolia. 
Figures 16-28. Linoproductus lutkewitschi Stepanov, 1936 
            16-17. Ventral and lateral views of a ventral valve, NIGP (Ll01), from bed 5 
of Hovsugol section in southeast Mongolia. 
            18-19. Ventral and lateral views of a ventral valve, NIGP (Ll02), from bed 5 
of Hovsugol section in southeast Mongolia. 
           20-21. Ventral and lateral views of a ventral valve, NIGP (Ll03), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           22. Ventral view of a ventral valve, NIGP (Ll04), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           23-25. Ventral, posterior and lateral views of a ventral valve, NIGP (Ll05), 
from bed 8 of Hovsugol section in southeast Mongolia. 
           26-28. Ventral, posterior and lateral views of a ventral valve, NIGP (Ll06), 
from bed 8 of Hovsugol section in southeast Mongolia. 
 
Plate 12 
Figures 1-25. Linoproductus lutkewitschi Stepanov, 1936 
           1-3. Ventral, posterior and lateral views of an internal mould of a ventral valve, 
NIGP (Ll07), from bed 8 of Hovsugol section in southeast Mongolia. 
           4-6. Ventral, posterior and lateral views of an internal mould of a ventral valve, 
NIGP (Ll08), from bed 5 of Hovsugol section in southeast Mongolia. 
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           7. Ventral view of a ventral valve, NIGP (Ll09), from bed 8 of Hovsugol 
section in southeast Mongolia. 
           8. Ventral view of a ventral valve, NIGP (Ll10), from bed 13 of Hovsugol 
section in southeast Mongolia. 
           9. Dorsal view of an external mould of a dorsal valve, NIGP (Ll11), from bed 8 
of Hovsugol section in southeast Mongolia. 
           10-12. Ventral, posterior and lateral views of a ventral valve, NIGP (Ll12), 
from bed 8 of Hovsugol section in southeast Mongolia. 
            13-15. Anterior, posterior and lateral views of a ventral valve, NIGP (Ll13), 
from bed 8 of Hovsugol section in southeast Mongolia. 
            16-18. Anterior, posterior and lateral views of a ventral valve, NIGP (Ll14), 
from bed 5 of Hovsugol section in southeast Mongolia. 
           19-20. Posterior and lateral views of an internal mould of a ventral valve, 
NIGP (Ll15), from bed 5 of Hovsugol section in southeast Mongolia. 
           21-23. Anterior, posterior and lateral views of a ventral valve, NIGP (Ll16), 
from bed 8 of Hovsugol section in southeast Mongolia. 
           24-25. Ventral and lateral views of a ventral valve, NIGP (Ll17), from bed 8 of 
Hovsugol section in southeast Mongolia. 
Figures 26-28. Linoproductus planiconvexus new species 
            26-27. Ventral and lateral views of a ventral valve, holotype, NIGP (Lp01), 
from bed 13 of Hovsugol section in southeast Mongolia. 
            28. Ventral view of a ventral valve, NIGP (Lp02), from bed 5 of Hovsugol 
section in southeast Mongolia. 
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Plate 13 
Figures 1-13. Linoproductus planiconvexus new species 
1. Lateral view of a ventral valve, NIGP (Lp02), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2-3. Ventral and lateral views of a ventral valve, NIGP (Lp03), from bed 13 of 
Hovsugol section in southeast Mongolia. 
           4-5. Ventral and lateral views of a ventral valve, NIGP (Lp04), from bed 13 of 
Hovsugol section in southeast Mongolia. 
           6. Ventral view of a ventral valve, NIGP (Lp05), from bed 5 of Hovsugol 
section in southeast Mongolia. 
           7-8. Ventral and lateral views of a ventral valve, NIGP (Lp06), from bed 5 of 
Hovsugol section in southeast Mongolia. 
           9. Ventral view of a ventral valve, NIGP (Lp07), from bed 13 of Hovsugol 
section in southeast Mongolia. 
            10-11. Ventral and lateral views of an internal mould of a ventral valve, NIGP 
(Lp08), from bed 13 of Hovsugol section in southeast Mongolia. 
            12-13. Ventral and lateral views of a ventral valve, NIGP (Lp09), from bed 13 
of Hovsugol section in southeast Mongolia. 
Figures 14-20. Linoproductus sp.1 
            14-15. Ventral and lateral views of a ventral valve, NIGP (Ls1.01), from bed 5 
of Hovsugol section in southeast Mongolia. 
            16-17. Ventral and lateral views of a ventral valve, NIGP (Ls1.02), from bed 8 
of Hovsugol section in southeast Mongolia. 
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           18-20. Anterior, posterior and lateral views of a ventral valve, NIGP (Ls1.03), 
from bed 5 of Hovsugol section in southeast Mongolia. 
Figures 21-28. Linoproductus sp.2 
           21-22. Ventral and lateral views of a ventral valve, NIGP (Ls2.01), from bed 5 
of Hovsugol section in southeast Mongolia. 
           23-24. Ventral and lateral views of a ventral valve, NIGP (Ls2.02), from bed 7 
of Hovsugol section in southeast Mongolia. 
           25-26. Ventral and lateral views of an internal mould of a ventral valve, NIGP 
(Ls2.03), from bed 5 of Hovsugol section in southeast Mongolia. 
           27-28. Ventral and lateral views of a ventral valve, NIGP (Ls2.04), from bed 5 
of Hovsugol section in southeast Mongolia. 
 
Plate 14 
Figures 1-25. Cancrinella cancriniformis (Tschernyschew, 1889) 
           1-2. Ventral and dorsal views of a conjoined shell, NIGP 154340, from bed 7 
of Hovsugol section in southeast Mongolia. 
           3. Ventral view of a ventral valve, NIGP 154341, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           4. Ventral view of a ventral valve, NIGP 154342, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           5. Ventral view of a ventral valve, NIGP 154343, from bed 7 of Hovsugol 
section in southeast Mongolia. 
           6-7. Ventral and lateral views of a ventral valve, NIGP 154344, from bed 7 of 
Hovsugol section in southeast Mongolia. 
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           8. Ventral view of an internal mould of a ventral valve, NIGP 154345, from 
bed 7 of Hovsugol section in southeast Mongolia. 
           9. Ventral view of an internal mould of a ventral valve, NIGP 154346, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           10. Ventral view of an internal mould of a ventral valve, NIGP 154347, from 
bed 8 of Hovsugol section in southeast Mongolia. 
           11. Ventral view of an internal mould of a ventral valve, NIGP 154348, from 
bed 8 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of an internal mould of a ventral valve, NIGP 154349, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           13. Ventral view of an internal mould of a ventral valve, NIGP 154350, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           14. Dorsal view of an external mould of a dorsal valve, NIGP 154351, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           15. Dorsal view of an external mould of a dorsal valve, NIGP 154352, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           16. Dorsal view of an external mould of a dorsal valve, NIGP 154353, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           17. Dorsal view of an external mould of a dorsal valve, NIGP 154354, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           18. Dorsal view of an external mould of a dorsal valve, NIGP 154355, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           19. Dorsal view of an external mould of a dorsal valve, NIGP 154356, from 
bed 7 of Hovsugol section in southeast Mongolia. 
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           20. Dorsal view of an external mould of a dorsal valve, NIGP 154357, from 
bed 7 of Hovsugol section in southeast Mongolia. 
           21. Dorsal view of an external mould of a dorsal valve, NIGP 154358, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           22. Dorsal view of an external mould of a dorsal valve, NIGP 154359, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           23. Dorsal view of an external mould of a dorsal valve, NIGP 154360, from 
bed 7 of Hovsugol section in southeast Mongolia. 
           24. Dorsal view of an external mould of a dorsal valve, NIGP 154361, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           25. Dorsal view of an external mould of a dorsal valve, NIGP 154362, from 
bed 14 of Hovsugol section in southeast Mongolia. 
 
 
Plate 15 
Figures 1-8. Cancrinella cancriniformis (Tschernyschew, 1889) 
           1. Dorsal view of an external mould of a dorsal valve, NIGP 154363, from bed 
5 of Hovsugol section in southeast Mongolia. 
           2. Dorsal view of an external mould of a dorsal valve, NIGP 154364, from bed 
14 of Hovsugol section in southeast Mongolia. 
           3. Dorsal view of an external mould of a dorsal valve, NIGP 154365, from bed 
15 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an external mould of a dorsal valve, NIGP 154366, from bed 
14 of Hovsugol section in southeast Mongolia. 
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           5. Dorsal view of an external mould of a dorsal valve, NIGP 154367, from bed 
7 of Hovsugol section in southeast Mongolia. 
           6. Dorsal view of an external mould of a dorsal valve, NIGP 154368, from bed 
5 of Hovsugol section in southeast Mongolia. 
           7. Dorsal view of a dorsal valve, NIGP 154369, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           8. Dorsal view of a dorsal valve, NIGP 154370, from bed 5 of Hovsugol 
section in southeast Mongolia. 
 
Figures 9-27. Cancrinella pseudotruncata Ustritsky, 1960a 
           9-11. Ventral, dorsal and lateral views of a conjoined shell, NIGP 154371, 
from bed 7 of Hovsugol section in southeast Mongolia. 
           12-14. Ventral, dorsal and lateral views of a conjoined shell, NIGP 154372, 
from bed 14 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of a ventral valve, NIGP 154373, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           16. Ventral view of a ventral valve, NIGP 154374, from bed 7 of Hovsugol 
section in southeast Mongolia. 
           17. Ventral view of a ventral valve, NIGP 154375, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           18. Ventral view of a ventral valve, NIGP 154376, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           19-21. Ventral, lateral and posterior views of an internal mould of a ventral 
valve, NIGP 154377, from bed 5 of Hovsugol section in southeast 
Mongolia. 
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           22. Ventral view of an internal mould of a ventral valve, NIGP 154378, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           23. Ventral view of an internal mould of a ventral valve, NIGP 154379, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           24. Ventral view of an internal mould of a ventral valve, NIGP 154380, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           25. Ventral view of an internal mould of a ventral valve, NIGP 154381, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           26. Ventral view of an internal mould of a ventral valve, NIGP 154382, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           27. Ventral view of an internal mould of a ventral valve, NIGP 154383, from 
bed 14 of Hovsugol section in southeast Mongolia. 
 
 
Plate 16 
Figures 1-6. Cancrinella pseudotruncata Ustritsky, 1960a 
           1. Ventral view of an internal mould of a ventral valve, NIGP 154384, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           2. Ventral view of an internal mould of a ventral valve, NIGP 154385, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           3. Dorsal view of a dorsal valve, NIGP 154386, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           4. Dorsal view of an external mould of a dorsal valve, NIGP 154387, from bed 
7 of Hovsugol section in southeast Mongolia. 
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           5. Dorsal view of an external mould of a dorsal valve, NIGP 154388, from bed 
14 of Hovsugol section in southeast Mongolia. 
           6. Dorsal view of an external mould of a dorsal valve, NIGP 154389, from bed 
5 of Hovsugol section in southeast Mongolia. 
 
Figures 7-34. Cancrinella koninckiana (Verneuil, 1845) 
           7. Ventral view of a ventral valve, NIGP 154390, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           8. Ventral view of a ventral valve, NIGP 154391, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           9. Ventral view of a ventral valve, NIGP 154392, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           10. Ventral view of a ventral valve, NIGP 154393, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           11-12. Ventral and lateral views of an internal mould of a ventral valve, NIGP 
154394, from bed 14 of Hovsugol section in southeast Mongolia. 
           13. Ventral view of an internal mould of a ventral valve, NIGP 154395, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           14-16. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP 154396, from bed 5 of Hovsugol section in southeast 
Mongolia. 
           17. Ventral view of an internal mould of a ventral valve, NIGP 154397, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           18. Ventral view of an internal mould of a ventral valve, NIGP 154398, from 
bed 14 of Hovsugol section in southeast Mongolia. 
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           19. Ventral view of an internal mould of a ventral valve, NIGP 154399, from 
bed 9 of Hovsugol section in southeast Mongolia. 
           20. Ventral view of an internal mould of a ventral valve, NIGP 154400, from 
bed 6 of Hovsugol section in southeast Mongolia. 
           21. Ventral view of an internal mould of a ventral valve, NIGP 154401, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           22. Ventral view of an internal mould of a ventral valve, NIGP 154402, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           23. Ventral view of an internal mould of a ventral valve, NIGP 154403, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           24. Ventral view of an internal mould of a ventral valve, NIGP 154404, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           25-26. Ventral and lateral views of an internal mould of a ventral valve, NIGP 
154405, from bed 14 of Hovsugol section in southeast Mongolia. 
           27. Ventral view of an internal mould of a ventral valve, NIGP 154406, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           28. Ventral view of an internal mould of a ventral valve, NIGP 154407, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           29. Ventral view of an internal mould of a ventral valve, NIGP 154408, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           30. Ventral view of an internal mould of a ventral valve, NIGP 154409, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           31. Ventral view of an internal mould of a ventral valve, NIGP 154410, from 
bed 14 of Hovsugol section in southeast Mongolia. 
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           32. Ventral view of an internal mould of a ventral valve, NIGP 154411, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           33. Ventral view of an internal mould of a ventral valve, NIGP 154412, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           34. Ventral view of an internal mould of a ventral valve, NIGP 154413, from 
bed 14 of Hovsugol section in southeast Mongolia. 
 
 
Plate 17 
Figures 1-13. Cancrinella koninckiana (Verneuil, 1845) 
           1. Ventral view of an internal mould of a ventral valve, NIGP 154414, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           2. Ventral view of an internal mould of a ventral valve, NIGP 154415, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           3. Ventral view of an internal mould of a ventral valve, NIGP 154416, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           4. Ventral view of an internal mould of a ventral valve, NIGP 154417, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           5. Ventral view of an internal mould of a ventral valve, NIGP 154418, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           6. Ventral view of an internal mould of a ventral valve, NIGP 154419, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           7. Ventral view of an internal mould of a ventral valve, NIGP 154420, from 
bed 14 of Hovsugol section in southeast Mongolia. 
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           8. Ventral view of an internal mould of a ventral valve, NIGP 154421, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           9. Dorsal view of an external mould of a dorsal valve, NIGP 154422, from bed 
5 of Hovsugol section in southeast Mongolia. 
          10. Dorsal view of an external mould of a dorsal valve, NIGP 154423, from bed 
14 of Hovsugol section in southeast Mongolia. 
           11. Dorsal view of an external mould of a dorsal valve, NIGP 154424, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Dorsal view of an external mould of a dorsal valve, NIGP 154425, from 
bed 7 of Hovsugol section in southeast Mongolia. 
           13. Dorsal view of an external mould of a dorsal valve, NIGP 154426, from 
bed 14 of Hovsugol section in southeast Mongolia. 
 
Figures 14-25. Megousia aagardi (Toula, 1875) 
           14-17. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Mea. 01, from bed 7 of Hovsugol section in southeast Mongolia. 
           18-20. Ventral, posterior and lateral views of a ventral valve, NIGP Mea. 02, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           21-22. Ventral and lateral views of a ventral valve, NIGP Mea. 03, from bed 14 
of Hovsugol section in southeast Mongolia. 
           23-25. Ventral, anterior and lateral views of a ventral valve, NIGP Mea. 04, 
from bed 5 of Hovsugol section in southeast Mongolia. 
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Plate 18 
Figures 1-24. Megousia aagardi (Toula, 1875) 
           1-4. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Mea. 
05, from bed 14 of Hovsugol section in southeast Mongolia. 
           5-7. Ventral, posterior and lateral views of a ventral valve, NIGP Mea. 06, 
from bed 13 of Hovsugol section in southeast Mongolia. 
           8-10. Ventral, posterior and lateral views of a ventral valve, NIGP Mea. 07, 
from bed 13 of Hovsugol section in southeast Mongolia. 
           11-14. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Mea. 08, from bed 15 of Hovsugol section in southeast Mongolia. 
           15-17. Ventral, anterior and posterior views of a ventral valve, NIGP Mea. 09, 
from bed 7 of Hovsugol section in southeast Mongolia. 
           18-20. Ventral, posterior and lateral views of a ventral valve, NIGP Mea. 10, 
from bed 7 of Hovsugol section in southeast Mongolia. 
           21-22. Ventral and lateral views of a ventral valve, NIGP Mea. 11, from bed 7 
of Hovsugol section in southeast Mongolia. 
           23-24. Ventral and posterior views of a ventral valve, NIGP Mea. 12, from bed 
13 of Hovsugol section in southeast Mongolia. 
 
Plate 19 
Figures 1-21. Megousia aagardi (Toula, 1875) 
           1. Ventral view of a ventral valve, NIGP Mea. 13, from bed 5 of Hovsugol 
section in southeast Mongolia. 
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           2-3. Ventral and posterior views of an internal mould of a ventral valve, NIGP 
Mea. 14, from bed 9 of Hovsugol section in southeast Mongolia. 
           4. Ventral view of an internal mould of a ventral valve, NIGP Mea. 15, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           5-8. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Mea. 16, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           9-12. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Mea. 17, from bed 9 of Hovsugol section in southeast 
Mongolia. 
           13-16. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Mea. 18, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           17. Dorsal view of a dorsal valve, NIGP Mea. 19, from bed 7 of Hovsugol 
section in southeast Mongolia. 
           18. Dorsal view of an external mould of a dorsal valve, NIGP Mea. 20, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           19. Dorsal view of an external mould of a dorsal valve, NIGP Mea. 21, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           20. Dorsal view of an external mould of a dorsal valve, NIGP Mea. 22, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           21. Dorsal view of an external mould of a dorsal valve, NIGP Mea. 23, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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Plate 20 
Figures 1-22. Magniplicatina khubsugulensis (Lazarev, 1991) 
           1-4. Ventral, anterior, posterior and dorsal views of a conjoined shell, NIGP 
Mgk. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
           5-6. Ventral and lateral views of a conjoined shell, NIGP Mgk. 02, from bed 14 
of Hovsugol section in southeast Mongolia. 
           7-10. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Mgk. 03, from bed 7 of Hovsugol section in southeast Mongolia. 
           11-13. Ventral, posterior and lateral views of a ventral valve, NIGP Mgk. 04, 
from bed 7 of Hovsugol section in southeast Mongolia. 
           14-17. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Mgk. 05, from bed 14 of Hovsugol section in southeast Mongolia. 
           18-20. Ventral, posterior and lateral views of a ventral valve, NIGP Mgk. 06, 
from bed 8 of Hovsugol section in southeast Mongolia. 
           21-22. Ventral and posterior views of a ventral valve, NIGP Mgk. 07, from bed 
7 of Hovsugol section in southeast Mongolia. 
 
Plate 21 
Figures 1-20. Magniplicatina khubsugulensis (Lazarev, 1991) 
           1. Ventral view of a ventral valve, NIGP Mgk. 08, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2-5. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Mgk. 
09, from bed 5 of Hovsugol section in southeast Mongolia. 
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           6. Ventral view of a ventral valve, NIGP Mgk. 10, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           7. Ventral view of a ventral valve, NIGP Mgk. 11, from bed 8 of Hovsugol 
section in southeast Mongolia. 
           8. Ventral view of a ventral valve, NIGP Mgk. 12, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           9-12. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Mgk. 13, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           13-15. Ventral, anterior and posterior views of an internal mould of a ventral 
valve, NIGP Mgk. 14, from bed 14 of Hovsugol section in southeast 
Mongolia. 
           16-18. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP Mgk. 15, from bed 8 of Hovsugol section in southeast 
Mongolia. 
           19-20. Ventral and posterior views of an internal mould of a ventral valve, 
NIGP Mgk. 16, from bed 5 of Hovsugol section in southeast Mongolia. 
 
Plate 22 
Figures 1-7. Magniplicatina khubsugulensis (Lazarev, 1991) 
           1-2. Anterior and lateral views of an internal mould of a ventral valve, NIGP 
Mgk. 16, from bed 5 of Hovsugol section in southeast Mongolia. 
           3. Ventral view of an external mould of a ventral valve, NIGP Mgk. 17, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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           4. Dorsal view of an external mould of a dorsal valve, NIGP Mgk. 18, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           5. Dorsal view of an external mould of a dorsal valve, NIGP Mgk. 19, from 
bed 7 of Hovsugol section in southeast Mongolia. 
           6. Dorsal view of an external mould of a dorsal valve, NIGP Mgk. 20, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           7. Dorsal view of an external mould of a dorsal valve, NIGP Mgk. 21, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 8-21. Magniplicatina undulata Waterhouse, 1986a 
           8-10. Ventral, posterior and lateral views of a ventral valve, NIGP Mgu. 01, 
from bed 7 of Hovsugol section in southeast Mongolia. 
           11-13. Ventral, posterior and lateral views of a ventral valve, NIGP Mgu. 02, 
from bed 14 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of a ventral valve, NIGP Mgu. 03, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           15-18. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Mgu. 04, from bed 14 of Hovsugol section in southeast Mongolia. 
           19-21. Ventral, anterior and posterior views of a ventral valve, NIGP Mgu. 05, 
from bed 14 of Hovsugol section in southeast Mongolia. 
 
Plate 23 
Figures 1-17. Magniplicatina undulata Waterhouse, 1986a 
           1. Lateral view of a ventral valve, NIGP Mgu. 05, from bed 14 of Hovsugol 
section in southeast Mongolia. 
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           2. Ventral view of a ventral valve, NIGP Mgu. 06, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           3-6. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Mgu. 07, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           7-8. Ventral and posterior views of an internal mould of a ventral valve, NIGP 
Mgu. 08, from bed 14 of Hovsugol section in southeast Mongolia. 
           9. Ventral view of an internal mould of a ventral valve, NIGP Mgu. 09, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           10-13. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Mgu. 10, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           14. Ventral view of an external mould of a ventral valve, NIGP Mgu. 11, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           15. Dorsal view of an external mould of a dorsal valve, NIGP Mgu. 12, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           16. Dorsal view of an external mould of a dorsal valve, NIGP Mgu. 13, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           17. Dorsal view of an external mould of a dorsal valve, NIGP Mgu. 14, from 
bed 14 of Hovsugol section in southeast Mongolia. 
Figures 18. Magniplicatina transversa Briggs, 1998 
           18. Ventral view of a ventral valve, NIGP Mgt. 01, from bed 5 of Hovsugol 
section in southeast Mongolia. 
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Plate 24 
Figures 1-15. Magniplicatina transversa Briggs, 1998 
           1. Ventral view of a ventral valve, NIGP Mgt. 02, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2. Ventral view of a ventral valve, NIGP Mgt. 03, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           3. Ventral view of a ventral valve, NIGP Mgt. 04, from bed 13 of Hovsugol 
section in southeast Mongolia. 
           4. Ventral view of a ventral valve, NIGP Mgt. 05, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           5. Ventral view of a ventral valve, NIGP Mgt. 06, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           6. Ventral view of a ventral valve, NIGP Mgt. 07, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           7. Ventral view of an internal mould of a ventral valve, NIGP Mgt. 08, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           8. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 09, from bed 
5 of Hovsugol section in southeast Mongolia. 
           9. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 10, from bed 
14 of Hovsugol section in southeast Mongolia. 
           10. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 11, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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           11. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 12, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 13, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           13. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 14, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           14. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 15, from 
bed 13 of Hovsugol section in southeast Mongolia. 
           15. Dorsal view of an external mould of a dorsal valve, NIGP Mgt. 16, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-5. Magniplicatina sp. 
           1-4. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Mgs. 
01, from bed 5 of Hovsugol section in southeast Mongolia. 
           5. Dorsal view of an external mould of a dorsal valve, NIGP Mgs. 02, from bed 
5 of Hovsugol section in southeast Mongolia. 
Figures 6-18. Spitzbergenia ogonerensis (Zavodowsky, 1960b) 
           6-9. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Spo. 
01, from bed 14 of Hovsugol section in southeast Mongolia. 
           10-13. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spo. 02, from bed 14 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of a ventral valve, NIGP Spo. 03, from bed 14 of Hovsugol 
section in southeast Mongolia. 
576  
           15-18. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spo. 04, from bed 14 of Hovsugol section in southeast Mongolia. 
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Figures 1-19. Spitzbergenia ogonerensis (Zavodowsky, 1960b) 
           1-4. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Spo. 
05, from bed 14 of Hovsugol section in southeast Mongolia. 
           5-7. Ventral, posterior and lateral views of a ventral valve, NIGP Spo. 06, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           8-10. Ventral, posterior and lateral views of a ventral valve, NIGP Spo. 07, 
from bed 14 of Hovsugol section in southeast Mongolia. 
           11-14. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spo. 08, from bed 14 of Hovsugol section in southeast Mongolia. 
           15-18. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spo. 09, from bed 14 of Hovsugol section in southeast Mongolia. 
           19. Posterior view of a ventral valve, NIGP Spo. 10, from bed 14 of Hovsugol 
section in southeast Mongolia. 
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Figures 1-13. Spitzbergenia ogonerensis (Zavodowsky, 1960b) 
           1-2. Ventral and lateral views of a ventral valve, NIGP Spo. 10, from bed 14 of 
Hovsugol section in southeast Mongolia. 
           3-4. Ventral and anterior views of a ventral valve, NIGP Spo. 11, from bed 14 
of Hovsugol section in southeast Mongolia. 
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           5-8. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Spo. 12, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           9-11. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP Spo. 13, from bed 14 of Hovsugol section in southeast 
Mongolia. 
           12. Dorsal view of an external mould of a dorsal valve, NIGP Spo. 14, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           13. Dorsal view of an external mould of a dorsal valve, NIGP Spo. 15, from 
bed 7 of Hovsugol section in southeast Mongolia. 
Figures 14-19. Heteralosia alexandrae Pavlova in Pavlova et al., 1991 
           14-15. Ventral and dorsal views of a conjoined shell, NIGP Hal. 01, from bed 5 
of Hovsugol section in southeast Mongolia. 
           16-17. Ventral and dorsal views of a conjoined shell, NIGP Hal. 02, from bed 5 
of Hovsugol section in southeast Mongolia. 
           18. Ventral view of an internal mould of a ventral valve, NIGP Hal. 03, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           19. Ventral view of an internal mould of a ventral valve, NIGP Hal. 04, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-16. Heteralosia alexandrae Pavlova in Pavlova et al., 1991 
           1. Dorsal view of an internal mould of a dorsal valve, NIGP Hal. 05, from bed 
5 of Hovsugol section in southeast Mongolia. 
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           2. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 06, from bed 
5 of Hovsugol section in southeast Mongolia. 
           3. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 07 from bed 
5, of Hovsugol section in southeast Mongolia. 
           4-5. Dorsal and posterior views of an external mould of a dorsal valve, NIGP 
Hal. 08, from bed 5 of Hovsugol section in southeast Mongolia. 
           6. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 09, from bed 
5 of Hovsugol section in southeast Mongolia. 
           7. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 10, from bed 
5 of Hovsugol section in southeast Mongolia. 
           8. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 11, from bed 
5 of Hovsugol section in southeast Mongolia. 
           9. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 12, from bed 
5 of Hovsugol section in southeast Mongolia. 
           10. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 13, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           11. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 14, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 15, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           13. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 16, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           14. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 17, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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           15. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 18, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           16. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 19, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-4. Heteralosia alexandrae Pavlova in Pavlova et al., 1991 
           1. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 20, from bed 
5 of Hovsugol section in southeast Mongolia. 
           2. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 21, from bed 
5 of Hovsugol section in southeast Mongolia. 
           3. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 22, from bed 
5 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an external mould of a dorsal valve, NIGP Hal. 23, from bed 
5 of Hovsugol section in southeast Mongolia. 
Figures 5-15. Orthotetes jugorica Ustritsky, 1960b 
           5-6. Ventral and anterior views of a conjoined shell, NIGP Oju. 01, from bed 5 
of Hovsugol section in southeast Mongolia. 
           7-10. Ventral, dorsal, anterior and lateral views of a conjoined shell, NIGP Oju. 
02, from bed 5 of Hovsugol section in southeast Mongolia. 
           11. Ventral view of a ventral valve, NIGP Oju. 03, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           12. Dorsal view of a dorsal valve, NIGP Oju. 04, from bed 14 of Hovsugol 
section in southeast Mongolia. 
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           13. Dorsal view of a dorsal valve, NIGP Oju. 05, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           14. Dorsal view of a dorsal valve, NIGP Oju. 06, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           15. Dorsal view of an external mould of a dorsal valve, NIGP Oju. 07, from 
bed 14 of Hovsugol section in southeast Mongolia. 
Figure 16. Streptorhynchus sp. 
           16. Dorsal view of an internal mould of a dorsal valve, NIGP Ssp. 01, from bed 
5 of Hovsugol section in southeast Mongolia. 
Figures 17. Arctitreta kempei (Andersson in Wiman, 1914) 
           17. Ventral view of a conjoined shell, NIGP Ake. 01, from bed 5 of Hovsugol 
section in southeast Mongolia. 
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Figures 1-7. Arctitreta kempei (Andersson in Wiman, 1914) 
           1-3. Dorsal, lateral and anterior views of a conjoined shell, NIGP Ake. 01, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           4. Ventral view of a ventral valve, NIGP Ake. 02, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           5. Ventral view of a ventral valve, NIGP Ake. 03, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           6. Ventral view of a ventral valve, NIGP Ake. 04, from bed 5 of Hovsugol 
section in southeast Mongolia. 
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           7. Dorsal view of a dorsal valve, NIGP Ake. 05, from bed 14 of Hovsugol 
section in southeast Mongolia. 
Figures 8-19. Rhynoleichus delenjaensis Abramov and Grigorjeva, 1983 
           8-12. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Rde. 01, from bed 15 of Hovsugol section in southeast Mongolia. 
           13-17. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Rde. 02, from bed 7 of Hovsugol section in southeast Mongolia. 
           18-19. Ventral and dorsal views of a conjoined shell, NIGP Rde. 03, from bed 
5 of Hovsugol section in southeast Mongolia. 
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Figures 1-3. Rhynoleichus delenjaensis Abramov and Grigorjeva, 1983 
           1-3. Anterior, posterior and lateral views of a conjoined shell, NIGP Rde. 03, 
from bed 5 of Hovsugol section in southeast Mongolia. 
Figures 4-13. Stenoscisma biplicatum (Stuckenberg, 1898) 
           4-8. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Sbi. 01, from bed 13 of Hovsugol section in southeast Mongolia. 
           9-11. Ventral, dorsal and lateral views of a conjoined shell, NIGP Sbi. 02, from 
bed 7 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP Sbi. 03, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           13. Ventral view of an internal mould of a ventral valve, NIGP Sbi. 04, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figure 14. Stenoscisma sp. 
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           14. Dorsal view of a dorsal valve, NIGP Ssp. 01, from bed 14 of Hovsugol 
section in southeast Mongolia. 
Figures 15-20. Camerisma lazarevi Pavlova in Pavlova et al., 1991 
           15-19. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Cla. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
           20. Ventral view of a conjoined shell, NIGP Cla. 02, from bed 9 of Hovsugol 
section in southeast Mongolia. 
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Figures 1-7. Camerisma lazarevi Pavlova in Pavlova et al., 1991 
           1-2. Dorsal and lateral views of a conjoined shell, NIGP Cla. 02, from bed 9 of 
Hovsugol section in southeast Mongolia. 
           3-5. Ventral, dorsal and lateral views of a conjoined shell, NIGP Cla. 03, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           6. Ventral view of a ventral valve, NIGP Cla. 04, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           7. Ventral view of a ventral valve, NIGP Cla. 05, from bed 5 of Hovsugol 
section in southeast Mongolia. 
Figures 8-14. Callaiapsida arctica (Holtedahl, 1924) 
           8-12. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Car. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
           13-14. Ventral and dorsal views of a conjoined shell, NIGP Car. 02, from bed 5 
of Hovsugol section in southeast Mongolia. 
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Figures 1-16. Callaiapsida arctica (Holtedahl, 1924) 
           1-3. Anterior, posterior and lateral views of a conjoined shell, NIGP Car. 02, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           4-8. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Car. 03, from bed 5 of Hovsugol section in southeast Mongolia. 
           9-12. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP 
Car. 04, from bed 5 of Hovsugol section in southeast Mongolia. 
           13-16. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP 
Car. 05, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-19. Callaiapsida arctica (Holtedahl, 1924) 
           1-2. Ventral and anterior views of a conjoined shell, NIGP Car. 06, from bed 5 
of Hovsugol section in southeast Mongolia. 
           3-6. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP Car. 
07, from bed 5 of Hovsugol section in southeast Mongolia. 
           7-11. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Car. 08, from bed 5 of Hovsugol section in southeast Mongolia. 
           12-16. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Car. 09, from bed 5 of Hovsugol section in southeast Mongolia. 
           17-19. Ventral, anterior and lateral views of a conjoined shell, NIGP Car. 10, 
from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-14. Callaiapsida arctica (Holtedahl, 1924) 
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           1-2. Dorsal and posterior views of a conjoined shell, NIGP Car. 10, from bed 5 
of Hovsugol section in southeast Mongolia. 
           3-4. Ventral and posterior views of a ventral valve, NIGP Car. 11, from bed 5 
of Hovsugol section in southeast Mongolia. 
           5-6. Ventral and posterior views of a ventral valve, NIGP Car. 12, from bed 5 
of Hovsugol section in southeast Mongolia. 
           7-8. Ventral and posterior views of a ventral valve, NIGP Car. 13, from bed 5 
of Hovsugol section in southeast Mongolia. 
           9-11. Ventral, posterior and lateral views of a ventral valve, NIGP Car. 14, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           12-13. Ventral and posterior views of an internal mould of a ventral valve, 
NIGP Car. 15, from bed 5 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of an external mould of a ventral valve, NIGP Car. 16, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figure 15-19. Callaiapsida sp. 
           15-19. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Csp. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-20. Callaiapsida sp. 
           1-4. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP Csp. 
02, from bed 5 of Hovsugol section in southeast Mongolia. 
           5-8. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP Csp. 
03, from bed 5 of Hovsugol section in southeast Mongolia. 
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           9-12. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP 
Csp. 04, from bed 5 of Hovsugol section in southeast Mongolia. 
           13-16. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP 
Csp. 05, from bed 5 of Hovsugol section in southeast Mongolia. 
           17. Ventral view of a ventral valve, NIGP Csp. 06, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           18. Ventral view of a ventral valve, NIGP Csp. 07, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           19-20. Posterior and lateral views of a ventral valve, NIGP Csp. 08, from bed 5 
of Hovsugol section in southeast Mongolia. 
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Figures 1-4. Callaiapsida sp. 
           1. Ventral view of a ventral valve, NIGP Csp. 08, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2-3. Ventral and posterior views of an internal mould of a ventral valve, NIGP 
Csp. 09, from bed 5 of Hovsugol section in southeast Mongolia. 
           4. Ventral view of an internal mould of a ventral valve, NIGP Csp. 10, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figure 5-18. Rhynchopora nikitini Tschernyschew, 1885 
           5. Ventral view of a ventral valve, NIGP Rni. 01, from bed 15 of Hovsugol 
section in southeast Mongolia. 
           6. Ventral view of a ventral valve, NIGP Rni. 02, from bed 14 of Hovsugol 
section in southeast Mongolia. 
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           7. Ventral view of an external mould of a ventral valve, NIGP Rni. 03, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           8. Dorsal view of a dorsal valve, NIGP Rni. 04, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           9-10. Dorsal and lateral views of a dorsal valve, NIGP Rni. 05, from bed 14 of 
Hovsugol section in southeast Mongolia. 
           11-12. Dorsal and anterior views of a dorsal valve, NIGP Rni. 06, from bed 14 
of Hovsugol section in southeast Mongolia. 
           13. Dorsal view of a dorsal valve, NIGP Rni. 07, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           14-15. Dorsal and lateral views of a dorsal valve, NIGP Rni. 08, from bed 14 
of Hovsugol section in southeast Mongolia. 
           16. Dorsal view of a dorsal valve, NIGP Rni. 09, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           17. Dorsal view of a dorsal valve, NIGP Rni. 10, from bed 13 of Hovsugol 
section in southeast Mongolia. 
           18. Dorsal view of a dorsal valve, NIGP Rni. 11, from bed 15 of Hovsugol 
section in southeast Mongolia. 
Figures 19-23. Cleiothyridina bajkurica (Tschernjak, 1963) 
           19-23. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Cba. 01, from bed 13 of Hovsugol section in southeast Mongolia. 
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Figures 1-20. Cleiothyridina bajkurica (Tschernjak, 1963) 
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           1-5. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Cba. 02, from bed 5 of Hovsugol section in southeast Mongolia. 
           6-9. Ventral, anterior, posterior and lateral views of a conjoined shell, NIGP 
Cba. 03, from bed 5 of Hovsugol section in southeast Mongolia. 
           10. Ventral view of an internal mould of a ventral valve, NIGP Cba. 04, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           11. Ventral view of an internal mould of a ventral valve, NIGP Cba. 05, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of an internal mould of a ventral valve, NIGP Cba. 06, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           13. Ventral view of an internal mould of a ventral valve, NIGP Cba. 07, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of an internal mould of a ventral valve, NIGP Cba. 08, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of an internal mould of a ventral valve, NIGP Cba. 09, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           16.  Ventral view of an internal mould of a ventral valve, NIGP Cba. 10, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           17. Ventral view of an internal mould of a ventral valve, NIGP Cba. 11, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           18. Ventral view of an internal mould of a ventral valve, NIGP Cba. 12, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           19. Ventral view of an internal mould of a ventral valve, NIGP Cba. 13, from 
bed 13 of Hovsugol section in southeast Mongolia. 
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           20. Ventral view of an external mould of a ventral valve, NIGP Cba. 14, from 
bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-14. Cleiothyridina bajkurica (Tschernjak, 1963) 
           1. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 15, from bed 
5 of Hovsugol section in southeast Mongolia. 
           2. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 16, from bed 
5 of Hovsugol section in southeast Mongolia. 
           3. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 17, from bed 
14 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 18, from bed 
5 of Hovsugol section in southeast Mongolia. 
           5-6. Dorsal and posterior views of an internal mould of a dorsal valve, NIGP 
Cba. 19, from bed 14 of Hovsugol section in southeast Mongolia. 
           7. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 20, from bed 
14 of Hovsugol section in southeast Mongolia. 
           8. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 21, from bed 
14 of Hovsugol section in southeast Mongolia. 
           9-11. Dorsal, posterior and lateral views of an internal mould of a dorsal valve, 
NIGP Cba. 22, from bed 14 of Hovsugol section in southeast Mongolia. 
           12. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 23, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           13. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 24, from 
bed 14 of Hovsugol section in southeast Mongolia. 
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           14. Dorsal view of an internal mould of a dorsal valve, NIGP Cba. 25, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 15-17. Cleiothyridina sp. 
           15. Ventral view of an internal mould of a ventral valve, NIGP Csp. 01, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           16. Ventral view of an internal mould of a ventral valve, NIGP Csp. 02, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           17. Ventral view of an internal mould of a ventral valve, NIGP Csp. 03, from 
bed 14 of Hovsugol section in southeast Mongolia. 
Figures 18-21. Jilinmartinia hovsugolensis new species 
           18-21. Ventral, dorsal, anterior and posterior views of a conjoined shell, 
holotype, NIGP Jho. 01, from bed 7 of Hovsugol section in southeast 
Mongolia. 
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Figures 1-6. Jilinmartinia hovsugolensis new species 
           1. Lateral view of a conjoined shell, holotype, NIGP Jho. 01, from bed 7 of 
Hovsugol section in southeast Mongolia.. 
           2-6. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Jho. 02, from bed 7 of Hovsugol section in southeast Mongolia. 
Figures 7-19. Jilinmartinia medius new species 
           7-11. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
holotype, NIGP Jme. 01, from bed 15 of Hovsugol section in southeast 
Mongolia. 
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           12-16. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Jme. 02, from bed 5 of Hovsugol section in southeast Mongolia. 
           17-19. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP Jme. 03, from bed 14 of Hovsugol section in southeast 
Mongolia. 
Figures 20-21. Tiramnia greenlandica (Dunbar, 1955) 
           20-21. Ventral and dorsal views of a conjoined shell, NIGP Tgr. 01, from bed 
15 of Hovsugol section in southeast Mongolia. 
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Figures 1-26. Tiramnia greenlandica (Dunbar, 1955) 
           1-3. Anterior, posterior and lateral views of a conjoined shell, NIGP Tgr. 01, 
from bed 15 of Hovsugol section in southeast Mongolia. 
           4-8. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Tgr. 02, from bed 15 of Hovsugol section in southeast Mongolia. 
           9-13. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Tgr. 03, from bed 15 of Hovsugol section in southeast Mongolia. 
           14-18. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Tgr. 04, from bed 15 of Hovsugol section in southeast Mongolia. 
           19-23. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Tgr. 05, from bed 15 of Hovsugol section in southeast Mongolia. 
           24-26. Ventral, dorsal and lateral views of a conjoined shell, NIGP Tgr. 06, 
from bed 15 of Hovsugol section in southeast Mongolia. 
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Figures 1-7. Tiramnia greenlandica (Dunbar, 1955) 
           1-2. Anterior and posterior views of a conjoined shell, NIGP Tgr. 06, from bed 
15 of Hovsugol section in southeast Mongolia. 
           3-7. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Tgr. 07, from bed 15 of Hovsugol section in southeast Mongolia. 
Figures 8-18. Ingelarella atlanicha (Kotljar, 1978) 
           8-12. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 01, from bed 15 of Hovsugol section in southeast Mongolia. 
           13-17. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 02, from bed 15 of Hovsugol section in southeast Mongolia. 
           18. Lateral view of a conjoined shell, NIGP Iat. 03, from bed 15 of Hovsugol 
section in southeast Mongolia. 
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Figures 1-19. Ingelarella atlanicha (Kotljar, 1978) 
           1-3. Ventral, dorsal and anterior views of a conjoined shell, NIGP Iat. 03, from 
bed 15 of Hovsugol section in southeast Mongolia. 
           4-8. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 04, from bed 15 of Hovsugol section in southeast Mongolia. 
           9-13. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 05, from bed 15 of Hovsugol section in southeast Mongolia. 
           14-18. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 06, from bed 15 of Hovsugol section in southeast Mongolia. 
           19. Ventral view of a conjoined shell, NIGP Iat. 07, from bed 15 of Hovsugol 
section in southeast Mongolia. 
592  
 
Plate 44 
Figures 1-19. Ingelarella atlanicha (Kotljar, 1978) 
           1-4. Dorsal, anterior, posterior and lateral views of a conjoined shell, NIGP Iat. 
07, from bed 15 of Hovsugol section in southeast Mongolia. 
           5-9. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 08, from bed 15 of Hovsugol section in southeast Mongolia. 
           10-14. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 09, from bed 15 of Hovsugol section in southeast Mongolia. 
           15-19. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 10, from bed 15 of Hovsugol section in southeast Mongolia. 
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Figures 1-11. Ingelarella atlanicha (Kotljar, 1978) 
           1-5. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 11, from bed 15 of Hovsugol section in southeast Mongolia. 
           6-10. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Iat. 12, from bed 15 of Hovsugol section in southeast Mongolia. 
           11. Dorsal view of a dorsal valve, NIGP Iat. 13, from bed 15 of Hovsugol 
section in southeast Mongolia. 
Figures 12-14. Ingelarella plana Campbell, 1960 
           12. Ventral view of a ventral valve, NIGP Ipl. 01, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           13. Ventral view of a ventral valve, NIGP Ipl. 02, from bed 9 of Hovsugol 
section in southeast Mongolia. 
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           14. Ventral view of an internal mould of a ventral valve, NIGP Ipl. 03, from 
bed 4 of Hovsugol section in southeast Mongolia. 
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Figures 1-18. Neospirifer koargychanensis Zavodowsky in Zavodowsky and 
Stepanov, 1971 
           1-5. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Nko. 01, from bed 13 of Hovsugol section in southeast Mongolia. 
           6-9. Ventral, dorsal, posterior and lateral views of a conjoined shell, NIGP Nko. 
02, from bed 5 of Hovsugol section in southeast Mongolia. 
           10-13. Ventral, anterior, posterior and lateral views of a conjoined shell, NIGP 
Nko. 03, from bed 6 of Hovsugol section in southeast Mongolia. 
           14-17. Ventral, anterior, posterior and lateral views of a conjoined shell, NIGP 
Nko. 04, from bed 14 of Hovsugol section in southeast Mongolia. 
           18. Dorsal view of a dorsal valve, NIGP Nko. 05, from bed 5 of Hovsugol 
section in southeast Mongolia. 
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Figures 1-4. Neospirifer sp. 
           1-4. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Nsp. 
01, from bed 13 of Hovsugol section in southeast Mongolia. 
Figures 5-19. Spiriferella ovata Lee and Gu, 1976 
           5-9. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Sov. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
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           10-12. Ventral, posterior and lateral views of a ventral valve, NIGP Sov. 02, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           13-15. Ventral, posterior and lateral views of a ventral valve, NIGP Sov. 03, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           16-19. Ventral, anterior, interior and lateral views of a ventral valve, NIGP Sov. 
04, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-18. Spiriferella ovata Lee and Gu, 1976 
           1-4. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sov. 
05, from bed 13 of Hovsugol section in southeast Mongolia. 
           5. Ventral view of a ventral valve, NIGP Sov. 06, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           6-8. Ventral, posterior and lateral views of a ventral valve, NIGP Sov. 07, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           9-11. Ventral, anterior and lateral views of a ventral valve, NIGP Sov. 08, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP Sov. 09, from bed 13 of Hovsugol 
section in southeast Mongolia. 
           13-16. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Sov. 10, from bed 5 of Hovsugol section in southeast Mongolia. 
           17. Ventral view of a ventral valve, NIGP Sov. 11, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           18. Ventral view of a ventral valve, NIGP Sov. 12, from bed 13 of Hovsugol 
section in southeast Mongolia. 
595  
 
Plate 49 
Figures 1-18. Spiriferella ovata Lee and Gu, 1976 
           1-3. Posterior, interior and lateral views of a ventral valve, NIGP Sov. 12, from 
bed 13 of Hovsugol section in southeast Mongolia. 
           4-7. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sov. 
13, from bed 5 of Hovsugol section in southeast Mongolia. 
           8-10. Ventral, posterior and lateral views of a ventral valve, NIGP Sov. 14, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           11-14. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Sov. 15, from bed 5 of Hovsugol section in southeast Mongolia. 
           15-18. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Sov. 16, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-14. Spiriferella ovata Lee and Gu, 1976 
           1-3. Ventral, posterior and lateral views of a ventral valve, NIGP Sov. 17, from 
bed 8 of Hovsugol section in southeast Mongolia. 
           4-7. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sov. 
18, from bed 5 of Hovsugol section in southeast Mongolia. 
           8-12. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Sov. 19, from bed 5 of Hovsugol section in southeast Mongolia. 
           13-14. Interior and posterior views of an internal mould of a ventral valve, 
NIGP Sov. 20 from bed 5 of Hovsugol section in southeast Mongolia. 
Figures 15-21. Spiriferella keilhaviiformis Fredericks, 1916 
596  
           15-19. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Ske. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
           20-21. Ventral and lateral views of a conjoined shell, NIGP Ske. 02, from bed 
5 of Hovsugol section in southeast Mongolia. 
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Figures 1-23. Spiriferella keilhaviiformis Fredericks, 1916 
           1-3. Dorsal, anterior and posterior views of a conjoined shell, NIGP Ske. 02, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           4-7. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Ske. 
03, from bed 5 of Hovsugol section in southeast Mongolia. 
           8-11. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Ske. 
04, from bed 5 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP Ske. 05, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           13-17. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Ske. 06, from bed 5 of Hovsugol section in southeast Mongolia. 
           18-20. Ventral, posterior and lateral views of a ventral valve, NIGP Ske. 07, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           21-23. Ventral, anterior and posterior views of a ventral valve, NIGP Ske. 08, 
from bed 6 of Hovsugol section in southeast Mongolia. 
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Figures 1-24. Spiriferella keilhaviiformis Fredericks, 1916 
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           1. Lateral view of a ventral valve, NIGP Ske. 08, from bed 6 of Hovsugol 
section in southeast Mongolia. 
           2-6. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Ske. 09, from bed 5 of Hovsugol section in southeast Mongolia. 
           7. Ventral view of a ventral valve, NIGP Ske. 10, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           8-11. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Ske. 
11, from bed 8 of Hovsugol section in southeast Mongolia. 
           12-14. Ventral, posterior and lateral views of a ventral valve, NIGP Ske. 12, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           15. Ventral view of a ventral valve, NIGP Ske. 13, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           16-19. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Ske. 14, from bed 15 of Hovsugol section in southeast Mongolia. 
           20-23. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Ske. 15, from bed 5 of Hovsugol section in southeast Mongolia. 
           24. Posterior view of a ventral valve, NIGP Ske. 16, from bed 5 of Hovsugol 
section in southeast Mongolia. 
 
Plate 53 
Figures 1-24. Spiriferella keilhaviiformis Fredericks, 1916 
           1-3. Ventral, anterior and lateral views of a ventral valve, NIGP Ske. 16, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           4-8. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Ske. 17, from bed 8 of Hovsugol section in southeast Mongolia. 
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           9-11. Ventral, posterior and lateral views of a ventral valve, NIGP Ske. 18, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           12-15. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Ske. 19, from bed 5 of Hovsugol section in southeast Mongolia. 
           16-19. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Ske. 20, from bed 5 of Hovsugol section in southeast Mongolia. 
           20-21. Ventral and anterior views of a ventral valve, NIGP Ske. 21, from bed 
15 of Hovsugol section in southeast Mongolia. 
           22-24. Ventral, posterior and lateral views of a ventral valve, NIGP Ske. 22, 
from bed 13 of Hovsugol section in southeast Mongolia. 
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Figures 1-4. Spiriferella keilhaviiformis Fredericks, 1916 
           1. Anterior view of a ventral valve, NIGP Ske. 22, from bed 13 of Hovsugol 
section in southeast Mongolia. 
           2-3. Interior and posterior views of an internal mould of a ventral valve, NIGP 
Ske. 23, from bed 5 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of a dorsal valve, NIGP Ske. 24, from bed 13 of Hovsugol 
section in southeast Mongolia. 
Figures 5-24. Spiriferella mugunica Pavlova in Pavlova et al., 1991 
           5-9. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Smu. 01, from bed 15 of Hovsugol section in southeast Mongolia. 
           10-14. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Smu. 02, from bed 15 of Hovsugol section in southeast Mongolia. 
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           15-19. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Smu. 03, from bed 5 of Hovsugol section in southeast Mongolia. 
           20-24. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Smu. 04, from bed 15 of Hovsugol section in southeast Mongolia. 
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Figures 1-15. Spiriferella mugunica Pavlova in Pavlova et al., 1991 
           1-5. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Smu. 05, from bed 5 of Hovsugol section in southeast Mongolia. 
           6-9. Ventral, posterior, lateral and interior views of a ventral valve, NIGP Smu. 
06, from bed 5 of Hovsugol section in southeast Mongolia. 
           10-13. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Smu. 07, from bed 5 of Hovsugol section in southeast Mongolia. 
           14. Ventral view of a ventral valve, NIGP Smu. 08, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           15. Interior view of an internal mould of a ventral valve, NIGP Smu. 09, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 16-20. Spiriferella keilhavii (von Buch, 1846) 
           16-20. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Sk. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-22. Spiriferella keilhavii (von Buch, 1846) 
           1-4. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sk. 
02, from bed 5 of Hovsugol section in southeast Mongolia. 
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           5-6. Ventral and anterior views of a ventral valve, NIGP Sk. 03, from bed 5 of 
Hovsugol section in southeast Mongolia. 
           7-10. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sk. 
04, from bed 8 of Hovsugol section in southeast Mongolia. 
           11-14. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Sk. 05, from bed 5 of Hovsugol section in southeast Mongolia. 
           15-18. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Sk. 06, from bed 5 of Hovsugol section in southeast Mongolia. 
           19-20. Ventral and anterior views of a ventral valve, NIGP Sk. 07, from bed 8 
of Hovsugol section in southeast Mongolia. 
           21-22. Ventral and lateral views of a ventral valve, NIGP Sk. 08, from bed 5 of 
Hovsugol section in southeast Mongolia. 
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Figures 1-19. Spiriferella keilhavii (von Buch, 1846) 
           1. Posterior view of a ventral valve, NIGP Sk. 08, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2-3. Ventral and anterior views of a ventral valve, NIGP Sk. 09, from bed 5 of 
Hovsugol section in southeast Mongolia. 
           4-7. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sk. 
10, from bed 5 of Hovsugol section in southeast Mongolia. 
           8-11. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Sk. 
11, from bed 5 of Hovsugol section in southeast Mongolia. 
           12-13. Ventral and anterior views of a ventral valve, NIGP Sk. 12, from bed 13 
of Hovsugol section in southeast Mongolia. 
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           14-17. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Sk. 13, from bed 5 of Hovsugol section in southeast Mongolia. 
           18. Dorsal view of an internal mould of a dorsal valve, NIGP Sk. 14, from bed 
5 of Hovsugol section in southeast Mongolia. 
           19. Ventral interior view of an internal mould of a ventral valve, NIGP Sk. 15, 
from bed 5 of Hovsugol section in southeast Mongolia. 
Figures 20-21. Spiriferella praesaranae Stepanov, 1948 
           20-21. Ventral and lateral views of a conjoined shell, NIGP Spr. 01, from bed 5 
of Hovsugol section in southeast Mongolia. 
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Figures 1-25. Spiriferella praesaranae Stepanov, 1948 
           1-3. Dorsal, anterior and posterior views of a conjoined shell, NIGP Spr. 01, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           4-7. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Spr. 
02, from bed 8 of Hovsugol section in southeast Mongolia. 
           8-11. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Spr. 
03, from bed 5 of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP Spr. 04, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           13-15. Ventral, posterior and lateral views of a ventral valve, NIGP Spr. 05, 
from bed 5 of Hovsugol section in southeast Mongolia. 
           16-19. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 06, from bed 6 of Hovsugol section in southeast Mongolia. 
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           20-23. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 07, from bed 5 of Hovsugol section in southeast Mongolia. 
           24-25. Ventral and anterior views of a ventral valve, NIGP Spr. 08, from bed 5 
of Hovsugol section in southeast Mongolia. 
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Figures 1-26. Spiriferella praesaranae Stepanov, 1948 
           1-2. Posterior and lateral views of a ventral valve, NIGP Spr. 08, from bed 5 of 
Hovsugol section in southeast Mongolia. 
           3-7. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Spr. 09, from bed 15 of Hovsugol section in southeast Mongolia. 
           8-12. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Spr. 10, from bed 5 of Hovsugol section in southeast Mongolia. 
           13. Ventral view of a ventral valve, NIGP Spr. 11, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           14-17. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 12, from bed 5 of Hovsugol section in southeast Mongolia. 
           18-21. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 13, from bed 13 of Hovsugol section in southeast Mongolia. 
           22. Ventral view of a ventral valve, NIGP Spr. 14, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           23-26. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 15, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-28. Spiriferella praesaranae Stepanov, 1948 
           1. Ventral view of a ventral valve, NIGP Spr. 16, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2. Ventral view of a ventral valve, NIGP Spr. 17, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           3-6. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Spr. 
18, from bed 5 of Hovsugol section in southeast Mongolia. 
           7. Ventral view of a ventral valve, NIGP Spr. 19, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           8-9. Ventral and anterior views of a ventral valve, NIGP Spr. 20, from bed 5 of 
Hovsugol section in southeast Mongolia. 
           10-11. Ventral and anterior views of a ventral valve, NIGP Spr. 21, from bed 5 
of Hovsugol section in southeast Mongolia. 
           12. Ventral view of a ventral valve, NIGP Spr. 22, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           13. Ventral view of a ventral valve, NIGP Spr. 23, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           14-17. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 24, from bed 5 of Hovsugol section in southeast Mongolia. 
           18-19. Ventral and posterior views of a ventral valve, NIGP Spr. 25, from bed 
5 of Hovsugol section in southeast Mongolia. 
           20-21. Ventral and lateral views of a ventral valve, NIGP Spr. 26, from bed 8 
of Hovsugol section in southeast Mongolia. 
           22-25. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP 
Spr. 27, from bed 13 of Hovsugol section in southeast Mongolia. 
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           26-28. Ventral, anterior and posterior views of a ventral valve, NIGP Spr. 28, 
from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-2. Spiriferella praesaranae Stepanov, 1948 
           1. Lateral view of a ventral valve, NIGP Spr. 28, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2. Interior view of an internal mould of a ventral valve, NIGP Spr. 29, from 
bed 5 of Hovsugol section in southeast Mongolia. 
Figures 3-25. Alispiriferella lita (Fredericks, 1924a) 
           3-7. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Ali. 01, from bed 15 of Hovsugol section in southeast Mongolia. 
           8-12. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Ali. 02, from bed 15 of Hovsugol section in southeast Mongolia. 
           13-17. Ventral, anterior, posterior, lateral and interior views of a ventral valve, 
NIGP Ali. 03, from bed 5 of Hovsugol section in southeast Mongolia. 
           18-19. Ventral and anterior views of a ventral valve, NIGP Ali. 04, from bed 5 
of Hovsugol section in southeast Mongolia. 
           20-22. Ventral, posterior and lateral views of a ventral valve, NIGP Ali. 05, 
from bed 13 of Hovsugol section in southeast Mongolia. 
           23. Ventral view of a ventral valve, NIGP Ali. 06, from bed 15 of Hovsugol 
section in southeast Mongolia. 
           24-25. Posterior and lateral views of a ventral valve, NIGP Ali. 07, from bed 
15 of Hovsugol section in southeast Mongolia. 
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Figures 1-12. Alispiriferella lita (Fredericks, 1924a) 
           1-2. Ventral and anterior views of a ventral valve, NIGP Ali. 07, from bed 15 
of Hovsugol section in southeast Mongolia. 
           3. Ventral view of a ventral valve, NIGP Ali. 08, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           4-7. Ventral, anterior, posterior and lateral views of a ventral valve, NIGP Ali. 
09, from bed 5 of Hovsugol section in southeast Mongolia. 
           8. Ventral view of a ventral valve, NIGP Ali. 10, from bed 15 of Hovsugol 
section in southeast Mongolia. 
           9. Ventral view of a ventral valve, NIGP Ali. 11, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           10. Dorsal view of a dorsal valve, NIGP Ali. 12, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           11. Dorsal view of a dorsal valve, NIGP Ali. 13, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           12. Dorsal view of an internal mould of a dorsal valve, NIGP Ali. 14, from bed 
5 of Hovsugol section in southeast Mongolia. 
Figures 13-21. Paeckelmanella latissima Pavlova in Pavlova et al., 1991 
           13. Ventral view of a ventral valve, NIGP Pla. 01, from bed 9 of Hovsugol 
section in southeast Mongolia. 
           14. Ventral view of a ventral valve, NIGP Pla. 02, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           15. Ventral view of a ventral valve, NIGP Pla. 03, from bed 14 of Hovsugol 
section in southeast Mongolia. 
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           16. Ventral view of an incomplete ventral valve, NIGP Pla. 04, from bed 6 of 
Hovsugol section in southeast Mongolia. 
           17-18. Dorsal and posterior views of a dorsal valve, NIGP Pla. 05, from bed 9 
of Hovsugol section in southeast Mongolia. 
           19. Dorsal view of a dorsal valve, NIGP Pla. 06, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           20. Dorsal view of a dorsal valve, NIGP Pla. 07, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           21. Dorsal view of an incomplete dorsal valve, NIGP Pla. 08, from bed 14 of 
Hovsugol section in southeast Mongolia. 
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Figures 1-7. Paeckelmanella expansa (Tschernyschew, 1902) 
           1. Ventral view of a ventral valve, NIGP Pex. 01, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           2. Ventral view of a ventral valve, NIGP Pex. 02, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           3. Ventral view of a ventral valve, NIGP Pex. 03, from bed 5 of Hovsugol 
section in southeast Mongolia. 
           4. Ventral view of an external mould of a ventral valve, NIGP Pex. 04, from 
bed 5 of Hovsugol section in southeast Mongolia. 
           5. Dorsal view of a dorsal valve, NIGP Pex. 05, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           6. Dorsal view of a dorsal valve, NIGP Pex. 06, from bed 5 of Hovsugol 
section in southeast Mongolia. 
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           7. Dorsal view of an incomplete dorsal valve, NIGP Pex. 07, from bed 5 of 
Hovsugol section in southeast Mongolia. 
Figures 8-19. Phricodothyris suborbicularis (Reed, 1944) 
           8-12. Ventral, dorsal, anterior, posterior and lateral views of a conjoined shell, 
NIGP Psu. 01, from bed 7 of Hovsugol section in southeast Mongolia. 
           13-16. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psu. 02, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           17-18. Ventral and anterior views of an internal mould of a ventral valve, 
NIGP Psu. 03, from bed 14 of Hovsugol section in southeast Mongolia. 
           19. Ventral view of an internal mould of a ventral valve, NIGP Psu. 04, from 
bed 14 of Hovsugol section in southeast Mongolia. 
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Figures 1-27. Phricodothyris suborbicularis (Reed, 1944) 
           1. Anterior view of an internal mould of a ventral valve, NIGP Psu. 04, from 
bed 14 of Hovsugol section in southeast Mongolia. 
           2-4. Ventral, anterior and posterior views of an internal mould of a ventral 
valve, NIGP Psu. 05, from bed 14 of Hovsugol section in southeast 
Mongolia. 
           5-8. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psu. 06, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           9-10. Ventral and anterior views of an internal mould of a ventral valve, NIGP 
Psu. 07, from bed 14 of Hovsugol section in southeast Mongolia. 
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           11-13. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP Psu. 08, from bed 14 of Hovsugol section in southeast 
Mongolia. 
           14-15. Ventral and anterior views of an internal mould of a ventral valve, 
NIGP Psu. 09, from bed 14 of Hovsugol section in southeast Mongolia. 
           16-18. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP Psu. 10, from bed 14 of Hovsugol section in southeast 
Mongolia. 
           19-20. Ventral and anterior views of an internal mould of a ventral valve, 
NIGP Psu. 11, from bed 5 of Hovsugol section in southeast Mongolia. 
           21-22. Dorsal and posterior views of an internal mould of a dorsal valve, NIGP 
Psu. 12, from bed 14 of Hovsugol section in southeast Mongolia. 
           23-24. Dorsal and posterior views of an internal mould of a dorsal valve, NIGP 
Psu. 13, from bed 14 of Hovsugol section in southeast Mongolia. 
           25. Dorsal view of an internal mould of a dorsal valve, NIGP Psu. 14, from bed 
14 of Hovsugol section in southeast Mongolia. 
           26. Dorsal view of an internal mould of a dorsal valve, NIGP Psu. 15, from bed 
14 of Hovsugol section in southeast Mongolia. 
           27. Dorsal view of an internal mould of a dorsal valve, NIGP Psu. 16 from bed 
14 of Hovsugol section in southeast Mongolia. 
 
Plate 65 
Figures 1-2. Phricodothyris suborbicularis (Reed, 1944) 
           1. Dorsal view of an internal mould of a dorsal valve, NIGP Psu. 17, from bed 
14 of Hovsugol section in southeast Mongolia. 
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           2. Dorsal view of an internal mould of a dorsal valve, NIGP Psu. 18, from bed 
14 of Hovsugol section in southeast Mongolia. 
Figures 3-27. Phricodothyris sp. 
           3-6. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psp. 01, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           7-10. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psp. 02, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           11-14. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psp. 03, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           15-18. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psp. 04, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           19-21. Ventral, posterior and lateral views of an internal mould of a ventral 
valve, NIGP Psp. 05, from bed 14 of Hovsugol section in southeast 
Mongolia. 
           22-25. Ventral, anterior, posterior and lateral views of an internal mould of a 
ventral valve, NIGP Psp. 06, from bed 14 of Hovsugol section in 
southeast Mongolia. 
           26. Dorsal view of an internal mould of a dorsal valve, NIGP Psp. 07, from bed 
14 of Hovsugol section in southeast Mongolia. 
           27. Dorsal view of an internal mould of a dorsal valve, NIGP Psp. 08, from bed 
14 of Hovsugol section in southeast Mongolia. 
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Figures 28-29. Spirelytha fredericksi Archbold and Thomas, 1984 
           28-29. Ventral and anterior views of an incomplete conjoined shell, NIGP Sfr. 
01, from bed 5 of Hovsugol section in southeast Mongolia. 
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Figures 1-4. Spirelytha fredericksi Archbold and Thomas, 1984 
           1-3. Dorsal, posterior and lateral views of an incomplete conjoined shell, NIGP 
Sfr. 01, from bed 5 of Hovsugol section in southeast Mongolia. 
           4. Dorsal view of an incomplete conjoined shell, NIGP Sfr. 02, from bed 5 of 
Hovsugol section in southeast Mongolia. 
Figures 5-17. Primorewia reshetnikov Licharew and Kotljar, 1978 
           5-6. Ventral and anterior views of a ventral valve, NIGP Pre. 01, from bed 9 of 
Hovsugol section in southeast Mongolia. 
           7-8. Ventral and posterior views of an incomplete ventral valve, NIGP Pre. 02, 
from bed 6 of Hovsugol section in southeast Mongolia. 
           9-10. Dorsal and posterior views of an incomplete dorsal valve, NIGP Pre. 03, 
from bed 9 of Hovsugol section in southeast Mongolia. 
           11-12. Dorsal and posterior views of a dorsal valve, NIGP Pre. 04, from bed 9 
of Hovsugol section in southeast Mongolia. 
           13-14. Dorsal and posterior views of a dorsal valve, NIGP Pre. 05, from bed 5 
of Hovsugol section in southeast Mongolia. 
           15. Dorsal view of a dorsal valve, NIGP Pre. 06, from bed 9 of Hovsugol 
section in southeast Mongolia. 
           16. Dorsal view of an incomplete dorsal valve, NIGP Pre. 07, from bed 5 of 
Hovsugol section in southeast Mongolia. 
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           17. Posterior view of a dorsal valve, NIGP Pre. 08, from bed 5 of Hovsugol 
section in southeast Mongolia. 
 
Plate 67 
Figures 1-3. Primorewia reshetnikov Licharew and Kotljar, 1978 
           1. Dorsal view of a dorsal valve, NIGP Pre. 08, from bed 5 of Hovsugol section 
in southeast Mongolia. 
           2. Dorsal view of a dorsal valve, NIGP Pre. 09, from bed 14 of Hovsugol 
section in southeast Mongolia. 
           3. Dorsal view of an external mould of a dorsal valve, NIGP Pre. 10, from bed 
5 of Hovsugol section in southeast Mongolia. 
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Figures 1-19. Mongolochonetes inaequalis Afanasjeva, 1991 
           1-2. Ventral and dorsal views, a conjoined shell, NIGP Moi 01 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-5. Ventral, posterior and lateral views, a ventral valve, NIGP Moi 02 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           6. Ventral view, a ventral valve, NIGP Moi 03 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           7. Ventral view, a ventral valve, NIGP Moi 04 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           8. Ventral view, a ventral valve, NIGP Moi 05 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
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           9-11. Ventral, posterior and lateral views, a ventral valve, NIGP Moi 06 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           12. Ventral view, a ventral valve, NIGP Moi 07 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           13. Ventral view, a ventral valve, NIGP Moi 08 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           14. Ventral view, a ventral valve, NIGP Moi 09 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           15. Ventral view, a ventral valve, NIGP Moi 10 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           16. Ventral view, a ventral valve, NIGP Moi 11 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           17. Ventral view, a ventral valve, NIGP Moi 12 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           18. Dorsal view, an external mould of dorsal valve, NIGP Moi 13 from bed 5 
of Dzhirem-Ula section b in southeast Mongolia. 
           19. Dorsal view, an external mould of dorsal valve, NIGP Moi 14 from bed 5 
of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-6. Mongolochonetes inaequalis Afanasjeva, 1991 
           1. Dorsal view, an external mould of dorsal valve, NIGP Moi 15 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           2. Dorsal view, an external mould of dorsal valve, NIGP Moi 16 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
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           3. Dorsal view, an external mould of dorsal valve, NIGP Moi 17 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           4. Dorsal view, an external mould of dorsal valve, NIGP Moi 18 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           5. Dorsal view, an external mould of dorsal valve, NIGP Moi 19 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           6. Dorsal view, an external mould of dorsal valve, NIGP Moi 20 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 7-14. Mongolochonetes sp. 
           7-8. Ventral and dorsal views, a conjoined shell, NIGP Mos 01 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           9. Ventral view, a ventral valve, NIGP Mos 02 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           10. Ventral view, a ventral valve, NIGP Mos 03 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           11. Dorsal view, a dorsal valve, NIGP Mos 04 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           12. Dorsal view, a dorsal valve, NIGP Mos 05 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           13. Dorsal view, an external mould of dorsal valve, NIGP Mos 06 from bed 5 
of Dzhirem-Ula section b in southeast Mongolia. 
           14. Dorsal view, an external mould of dorsal valve, NIGP Mos 07 from bed 5 
of Dzhirem-Ula section b in southeast Mongolia. 
Figures 15-19. Paramarginifera peregrina Fredericks, 1924a 
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           15-17. Ventral, dorsal and lateral views, a conjoined shell, NIGP Pap 01 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
          18-19. Ventral and lateral views, a ventral valve, NIGP Pap 02 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-22. Paramarginifera peregrina Fredericks, 1924a 
           1-2. Posterior and anterior views, a ventral valve, NIGP Pap 02 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pap 03 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           7-8. Ventral and anterior views, a ventral valve, NIGP Pap 04 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pap 
05 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           13-15. Ventral, posterior and lateral views, a ventral valve, NIGP Pap 06 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           16-18. Ventral, posterior and lateral views, a ventral valve, NIGP Pap 07 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           19-21. Ventral, posterior and anterior views, a ventral valve, NIGP Pap 08 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           22. Ventral view, a ventral valve, NIGP Pap 09 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
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Figures 1-24. Paramarginifera peregrina Fredericks, 1924a 
           1-3. Posterior, anterior and lateral views, a ventral valve, NIGP Pap 09 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           4-7. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pap 10 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           8-10. Ventral, posterior and anterior views, a ventral valve, NIGP Pap 11 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pap 
12 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pap 
13 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           19-22. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pap 
14 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           23-24. Ventral and anterior views, a ventral valve, NIGP Pap 15 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-14. Paramarginifera peregrina Fredericks, 1924a 
           1-2. Posterior and lateral views, a ventral valve, NIGP Pap 15 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-5. Ventral, anterior and lateral views, a ventral valve, NIGP Pap 16 from bed 
9 of Dzhirem-Ula section b in southeast Mongolia. 
           6. Dorsal view, an external mould of dorsal valve, NIGP Pap 17 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
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           7-9. Dorsal, posterior and lateral views, an external mould of dorsal valve, 
NIGP Pap 18 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           10. Dorsal view, an external mould of dorsal valve, NIGP Pap 19 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           11-14. Dorsal, posterior, anterior and lateral views, an external mould of dorsal 
valve, NIGP Pap 20 from bed 9 of Dzhirem-Ula section b in southeast 
Mongolia. 
Figures 15-22. Paramarginifera sp. 
           15-17. Ventral, posterior and lateral views, a ventral valve, NIGP Pas 01 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           18-21. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Pas 
02 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           22. Dorsal view, an external mould of dorsal valve, NIGP Pas 03 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 23-24. Echinauris jisuensis (Chao, 1927) 
           23-24. Ventral and posterior views, a ventral valve, NIGP Ecj 01 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-10. Echinauris jisuensis (Chao, 1927) 
           1. Lateral view, a ventral valve, NIGP Ecj 01 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
           2-5. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Ecj 02 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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           6-8. Ventral, posterior and lateral views, a ventral valve, NIGP Ecj 03 from bed 
9 of Dzhirem-Ula section b in southeast Mongolia. 
           9. Ventral view, a ventral valve, NIGP Ecj 04 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           10. Ventral view, a ventral valve, NIGP Ecj 05 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
Figures 11-23. Marginifera gobiensis Chao, 1927 
           11-15. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Mag 01 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           16-19. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mag 
02 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           20-23. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mag 
03 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-19. Marginifera gobiensis Chao, 1927 
           1-2. Ventral and anterior views, a ventral valve, NIGP Mag 04 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mag 
05 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mag 
06 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mag 
07 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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           15-16. Ventral and anterior views, a ventral valve, NIGP Mag 08 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           17-19. Dorsal, posterior and lateral views, an external mould of dorsal valve, 
NIGP Mag 09 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1. Marginifera gobiensis Chao, 1927 
           1. Anterior view, an external mould of dorsal valve, NIGP Mag 09 from bed 9 
of Dzhirem-Ula section b in southeast Mongolia. 
Figures 2-20. Marginifera leptorugosa Duan and Li, 1985 
           2-6. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Mal 01 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mal 
02 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           11-13. Ventral, posterior and lateral views, a ventral valve, NIGP Mal 03 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           14-17. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Mal 
04 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           18-19. Dorsal and posterior views, an external mould of dorsal valve, NIGP 
Mal 05 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           20. Dorsal view, an external mould of dorsal valve, NIGP Mal 06 from bed 9 
of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-2. Marginifera leptorugosa Duan and Li, 1985 
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           1-2. Posterior and lateral views, an external mould of dorsal valve, NIGP Mal 
06 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
Figures 3-31. Anemonaria sulankherensis Manankov, 1998a 
           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 01 
from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
02 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
03 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
04 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           19-22. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
05 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           23-26. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
06 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           27-30. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
07 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           31. Ventral view, a ventral valve, NIGP Asu 08 from bed 6 of Dzhirem-Ula 
section a in southeast Mongolia. 
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Figures 1-26. Anemonaria sulankherensis Manankov, 1998a 
           1-3. Posterior, anterior and lateral views, a ventral valve, NIGP Asu 08 from 
bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
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           4-6. Ventral, posterior and lateral views, a ventral valve, NIGP Asu 09 from 
bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
10 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
11 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
12 from bed 7 of Dzhirem-Ula section a in southeast Mongolia. 
           19-22. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Asu 
13 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           23. Dorsal view, a dorsal valve, NIGP Asu 14 from bed 6 of Dzhirem-Ula 
section a in southeast Mongolia. 
           24. Dorsal view, an external mould of dorsal valve, NIGP Asu 15 from bed 6 
of Dzhirem-Ula section a in southeast Mongolia. 
           25-26. Dorsal and posterior views, an external mould of dorsal valve, NIGP 
Asu 16 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-16. Anemonaria sp. 
           1-4. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Ass 01 
from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           5-8. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Ass 02 
from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Ass 
03 from bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
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           13. Ventral view, a ventral valve, NIGP Ass 04 from bed 6 of Dzhirem-Ula 
section a in southeast Mongolia. 
           14-16. Ventral, anterior and lateral views, a ventral valve, NIGP Ass 05 from 
bed 6 of Dzhirem-Ula section a in southeast Mongolia. 
Figures 17-20. Liosotella decimana Manankov in Pavlova et al., 1991 
            17-20. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 
01 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-19. Liosotella decimana Manankov in Pavlova et al., 1991 
           1-4. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 02 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           5-8. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 03 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 
04 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           13-15. Ventral, anterior and lateral views, a ventral valve, NIGP Lid 05 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           16-19. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 
06 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-19. Liosotella decimana Manankov in Pavlova et al., 1991 
           1-2. Ventral and anterior views, a ventral valve, NIGP Lid 07 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
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           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 08 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           7-8. Ventral and anterior views, a ventral valve, NIGP Lid 09 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Lid 
10 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           13-14. Ventral and posterior views, a ventral valve, NIGP Lid 11 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
            15-18. Dorsal, posterior, anterior and lateral views, an external mould of 
dorsal valve, NIGP Lid 12 from bed 8 of Dzhirem-Ula section a in 
southeast Mongolia. 
            19. Dorsal view, an external mould of dorsal valve, NIGP Lid 14 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
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Figure 1. Liosotella decimana Manankov in Pavlova et al., 1991 
           1. Dorsal view, an external mould of dorsal valve, NIGP Lid 13 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
Figures 2-17. Yakovlevia mammatiformis (Fredericks, 1926) 
           2-5. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yam 
01 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           6-9. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yam 
02 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           10-12. Ventral, posterior and anterior views, a ventral valve, NIGP Yam 03 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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           13-16. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Yam 04 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           17. Lateral view, an external mould of dorsal valve, NIGP Yam 05 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
Figure 18. Yakovlevia kaluzinensis Fredericks, 1925 
           18. Lateral view, a ventral valve, NIGP Yak 01 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
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Figures 1-3. Yakovlevia mammatiformis (Fredericks, 1926) 
           1-3. Dorsal, posterior and anterior views, an external mould of dorsal valve, 
NIGP Yam 05 from bed 8 of Dzhirem-Ula section a in southeast 
Mongolia. 
Figures 4-14. Yakovlevia kaluzinensis Fredericks, 1925 
           4-6. Ventral, posterior and anterior views, a ventral valve, NIGP Yak 01 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
02 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
03 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
 
Plate 83 
Figures 1-16. Yakovlevia kaluzinensis Fredericks, 1925 
           1-4. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
04 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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           5-8. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
05 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
06 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           13-15. Ventral, posterior and lateral views, a ventral valve, NIGP Yak 07 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           16. Lateral view, a ventral valve, NIGP Yak 08 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
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Figures 1-15. Yakovlevia kaluzinensis Fredericks, 1925 
           1. Anterior view, a ventral valve, NIGP Yak 07 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
           2-4. Ventral, posterior and anterior views, a ventral valve, NIGP Yak 08 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           5-8. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
09 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
10 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           13-15. Ventral, posterior and lateral views, a ventral valve, NIGP Yak 11 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-8. Yakovlevia kaluzinensis Fredericks, 1925 
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           1. Anterior view, a ventral valve, NIGP Yak 11 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
           2-5. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yak 
12 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           6. Ventral view, a ventral valve, NIGP Yak 13 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           7. Dorsal view, an external mould of dorsal valve, NIGP Yak 14 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           8. Dorsal view, an external mould of dorsal valve, NIGP Yak 15 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 9-14. Yakovlevia dzhiremulensis Manankov, 1998a 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yad 
01 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           13-14. Posterior and lateral views, a ventral valve, NIGP Yad 02 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-16. Yakovlevia dzhiremulensis Manankov, 1998a 
           1-2. Ventral and anterior views, a ventral valve, NIGP Yad 02 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-5. Ventral, anterior and lateral views, a ventral valve, NIGP Yad 03 from bed 
5 of Dzhirem-Ula section b in southeast Mongolia. 
           6-7. Ventral and anterior views, a ventral valve, NIGP Yad 04 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
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           8-10. Ventral posterior and anterior views, a ventral valve, NIGP Yad 05 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yad 
06 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           15-16. Ventral and lateral views, a ventral valve, NIGP Yad 07 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-16. Yakovlevia dzhiremulensis Manankov, 1998a 
           1-2. Posterior and anterior views, a ventral valve, NIGP Yad 07 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yad 
08 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yad 
09 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           11-13. Ventral, posterior and lateral views, a ventral valve, NIGP Yad 10 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           14-16. Ventral, posterior and lateral views, a ventral valve, NIGP Yad 11 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-9. Yakovlevia dzhiremulensis Manankov, 1998a 
           1. Anterior view, a ventral valve, NIGP Yad 11 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
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           2-5. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yad 
12 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           6-9. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Yad 
13 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
Figures 10-17. Horridonia morrisi (Chao, 1927) 
           10-13. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Hom 01 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           14-17. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Hom 02 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-18. Kochiproductus saranaeanus (Fredericks, 1933) 
           1-3. Ventral, anterior and lateral views, a ventral valve, NIGP Kos 01 from bed 
8 of Dzhirem-Ula section a in southeast Mongolia. 
           4-7. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kos 02 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           8-11. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kos 
03 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           12-14. Ventral, posterior and anterior views, a ventral valve, NIGP Kos 04 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kos 
05 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
 
Plate 90 
Figures 1-17. Kochiproductus saranaeanus (Fredericks, 1933) 
628  
           1-2. Ventral and anterior views, a ventral valve, NIGP Kos 06 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kos 07 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           7-9. Ventral, anterior and lateral views, a ventral valve, NIGP Kos 08 from bed 
9 of Dzhirem-Ula section b in southeast Mongolia. 
           10-11. Ventral and anterior views, a ventral valve, NIGP Kos 09 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           12. Dorsal view, a dorsal valve, NIGP Kos 10 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           13. Dorsal view, a dorsal valve, NIGP Kos 11 from bed 7 of Dzhirem-Ula 
section a in southeast Mongolia. 
           14. Dorsal view, a dorsal valve, NIGP Kos 12 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           15. Dorsal view, an external mould of dorsal valve, NIGP Kos 13 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
           16. Dorsal view, an external mould of dorsal valve, NIGP Kos 14 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
           17. Dorsal view, an external mould of dorsal valve, NIGP Kos 15 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
Figure 18. Kochiproductus maximus Manankov in Pavlova et al., 1991 
           18. Posterior view, a ventral valve, NIGP Kom 01 from bed 8 of Dzhirem-Ula 
section a in southeast Mongolia. 
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Figures 1-18. Kochiproductus maximus Manankov in Pavlova et al., 1991 
           1-3. Ventral, anterior and lateral views, a ventral valve, NIGP Kom 01 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           4-7. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kom 
02 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           8-11. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kom 
03 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           12-14. Ventral, anterior and lateral views, a ventral valve, NIGP Kom 04 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Kom 05 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-6. Kochiproductus maximus Manankov in Pavlova et al., 1991 
           1-3. Ventral, posterior and anterior views, a ventral valve, NIGP Kom 06 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           4. Dorsal view, an incomplete dorsal valve, NIGP Kom 07 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           5-6. Dorsal and anterior views, an external mould of dorsal valve, NIGP Kom 
08 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
Figures 7-17. Waagenoconcha (Waagenochocha) angustata Sarytcheva, 1984 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wan 
01 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wan 02 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           15-17. Ventral, posterior and lateral views, a ventral valve, NIGP Wan 03 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-21. Waagenoconcha (Waagenochocha) angustata Sarytcheva, 1984 
           1-4. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wan 
04 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           5-8. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wan 
05 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wan 
06 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           13-16. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wan 07 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           17-20. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wan 08 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           21. Dorsal view, an external mould of dorsal valve, NIGP Wan 09 from bed 5 
of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-23. Waagenoconcha (Waagenochocha) impercepta Manankov in Pavlova et 
al., 1991 
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           1-5. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Wim 01 from bed 8 of Dzhirem-Ula section a in southeast 
Mongolia. 
           6-8. Ventral, posterior and anterior views, a ventral valve, NIGP Wim 02 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wim 
03 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           13-16. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wim 04 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           17-20. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wim 05 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           21-23. Ventral, posterior and lateral views, a ventral valve, NIGP Wim 06 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-24. Waagenoconcha (Waagenochocha) impercepta Manankov in Pavlova et 
al., 1991 
           1. Anterior view, a ventral valve, NIGP Wim 06 from bed 8 of Dzhirem-Ula 
section a in southeast Mongolia. 
           2-5. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wim 
07 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           6-9. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wim 
08 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           10-13. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wim 09 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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           14-17. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wim 10 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           18-21. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP 
Wim 11 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           22-24. Ventral, anterior and lateral views, a ventral valve, NIGP Wim 12 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 1-11. Waagenoconcha (Waagenochocha) impercepta Manankov in Pavlova et 
al., 1991 
           1. Posterior view, a ventral valve, NIGP Wim 12 from bed 8 of Dzhirem-Ula 
section a in southeast Mongolia. 
           2-5. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wim 
13 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           6-9. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Wim 
14 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           10. Dorsal view, a dorsal valve, NIGP Wim 15 from bed 7 of Dzhirem-Ula 
section a in southeast Mongolia. 
           11. Dorsal view, a dorsal valve, NIGP Wim 16 from bed 7 of Dzhirem-Ula 
section a in southeast Mongolia. 
Figures 12-25. Waagenoconcha (Waagenochocha) permocarbonica Ustritsky in 
Ustritsky and Tschernjak, 1963 
           12-15. Ventral, dorsal, posterior and lateral views, a conjoined shell, NIGP 
Wpe 01 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
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           16-20. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Wpe 02 from bed 5 of Dzhirem-Ula section b in southeast 
Mongolia. 
           21-22. Ventral and dorsal views, a conjoined shell, NIGP Wpe 03 from bed 9 
of Dzhirem-Ula section b in southeast Mongolia. 
           23. Ventral view, a ventral valve, NIGP Wpe 04 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
           24. Dorsal view, a dorsal valve, NIGP Wpe 05 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           25. Dorsal view, an external mould of dorsal valve, NIGP Wpe 08 from bed 5 
of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-3. Waagenoconcha (Waagenochocha) permocarbonica Ustritsky in 
Ustritsky and Tschernjak, 1963 
           1. Dorsal view, an external mould of dorsal valve, NIGP Wpe 06 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           2. Dorsal view, an external mould of dorsal valve, NIGP Wpe 07 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3. Dorsal view, an external mould of dorsal valve, NIGP Wpe 09 from bed 5 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 4-24. Anidanthus ussuricus (Fredericks, 1924a) 
           4-6. Ventral, posterior and lateral views, a ventral valve, NIGP Aus 01 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
634  
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Aus 
02 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Aus 
03 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Aus 
04 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           19-20. Ventral and anterior views, a ventral valve, NIGP Aus 05 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           21-24. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Aus 
06 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
Figure 25. Anidanthus sinuata (Ustritsky, 1963) 
           25. Ventral view, a conjoined shell, NIGP Asi 01 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
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Figures 1-8. Anidanthus sinuata (Ustritsky, 1963) 
           1-4. Dorsal, posterior, anterior and lateral views, a conjoined shell, NIGP Asi 
01 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           5-6. Ventral and posterior views, a ventral valve, NIGP Asi 02 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
           7-8. Doral and posterior views, an external mould of dorsal valve, NIGP Asi 03 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
Figures 9-25. Cancrinella koninckiana (Verneuil, 1845) 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
01 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
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           13-16. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
02 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           17-20. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
03 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           21-24. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
04 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           25. Ventral view, a ventral valve, NIGP Cak 05 from bed 8 of Dzhirem-Ula 
section a in southeast Mongolia. 
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Figures 1-23. Cancrinella koninckiana (Verneuil, 1845) 
           1-3. Posterior, anterior and lateral views, a ventral valve, NIGP Cak 05 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           4-6. Ventral, anterior and lateral views, a ventral valve, NIGP Cak 06 from bed 
8 of Dzhirem-Ula section a in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
07 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
08 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           15-18. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
09 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           19-22. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Cak 
10 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           23. Dorsal view, an external mould of dorsal valve, NIGP Cak 11 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
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Figures 24-26. Cancrinella sp. 
           24-26. Ventral, posterior and anterior views, a ventral valve, NIGP Cas 01 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-12. Globiella reshetovi Manankov, 1998a 
           1-4. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Gre 01 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           5-8. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Gre 02 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           9-12. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Gre 
03 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
Figure 13. Strophalosia kharaerdensis Manankov, 1998a 
           13. Ventral view, a ventral valve, NIGP Skh 01 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
Figures 14-28. Wyndhamia tjuvaevi Manankov, 1998a 
           14. Ventral view, a ventral valve, NIGP Wtj 01 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           15-17. Ventral, posterior and lateral views, a ventral valve, NIGP Wtj 02 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           18. Ventral view, a ventral valve, NIGP Wtj 03 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           19. Ventral view, a ventral valve, NIGP Wtj 04 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
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           20-22. Ventral, posterior and lateral views, a ventral valve, NIGP Wtj 05 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           23-25. Ventral, posterior and lateral views, a ventral valve, NIGP Wtj 06 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           26. Ventral view, a ventral valve, NIGP Wtj 07 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           27. Ventral view, a ventral valve, NIGP Wtj 08 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           28. Dorsal view, a dorsal valve, NIGP Wtj 09 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
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Figure 1. Leptodus nobilis (Waagen, 1883) 
1. Ventral view, an internal mould of ventral valve, NIGP Lno 01 from bed 9 
of Dzhirem-Ula section b in southeast Mongolia. 
Figures 2-3. Poikilosakos cf. kamiyassensis Tazawa and Takaizumi, 1987 
           2. Ventral view, an internal mould of ventral valve, NIGP Pka 01 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3. Ventral view, an internal mould of ventral valve, NIGP Pka 02 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figure 4. Arctitreta kempei (Andersson in Wiman, 1914) 
           4. Ventral view, a ventral valve, NIGP Ark 01 from bed 6 of Dzhirem-Ula 
section a in southeast Mongolia. 
Figures 5-7. Streptorhynchus broilii Grabau, 1931 
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           5. Ventral view, a ventral valve, NIGP Sbr 01 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
           6. Ventral view, a ventral valve, NIGP Sbr 02 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           7. Ventral view, an external mould of ventral valve, NIGP Sbr 03 from bed 5 
of Dzhirem-Ula section b in southeast Mongolia. 
Figures 8-9. Streptorhynchus sp. 
           8. Ventral view, an external mould of ventral valve, NIGP Stp 01 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           9. Dorsal view, an external mould of dorsal valve, NIGP Stp 02 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 10-19. Stenoscisma margaritovi (Tschernyschew, 1888) 
           10-14. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Sma 01 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           15-19. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Sma 02 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-10. Stenoscisma margaritovi (Tschernyschew, 1888) 
           1-5. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Sma 03 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           6-8. Ventral, posterior and lateral views, a conjoined shell, NIGP Sma 04 from 
bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           9. Ventral view, a ventral valve, NIGP Sma 05 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
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           10. Dorsal view, a dorsal valve, NIGP Sma 06 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
Figures 11-27. Stenoscisma purdoniformis (Grabau, 1931) 
           11-15. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Spu 01 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           16-20. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Spu 02 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           21-25. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Spu 03 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           26-27. Ventral and posterior views, a conjoined shell, NIGP Spu 04 from bed 9 
of Dzhirem-Ula section b in southeast Mongolia. 
 
Plate 103 
Figures 1-7. Stenoscisma purdoniformis (Grabau, 1931) 
           1-2. Dorsal and anterior views, a conjoined shell, NIGP Spu 04 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-6. Ventral, dorsal, posterior and lateral views, a conjoined shell, NIGP Spu 
05 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           7. Dorsal view, a dorsal valve, NIGP Spu 06 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
Figures 8-12. Stenoscisma sp. 
           8-12. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Stp 01 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
Figures 13-23. Rhynchopora tchernyshae Koczyrkevicz, 1979a. 
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           13-17. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Rtc 01 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           18-20. Dorsal, posterior and anterior views, a conjoined shell, NIGP Rtc 02 
from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
           21. Ventral view, a ventral valve, NIGP Rtc 03 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           22. Ventral view, a ventral valve, NIGP Rtc 04 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           23. Ventral view, a ventral valve, NIGP Rtc 05 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
Figures 24-29. Cleiothyridina subexpansa (Waagen, 1883). 
           24-25. Ventral and dorsal views, a conjoined shell, NIGP Csu 01 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           26-28. Ventral, posterior and lateral views, a ventral valve, NIGP Csu 02 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           29. Ventral view, a ventral valve, NIGP Csu 03 from bed 9 of Dzhirem-Ula 
section b in southeast Mongolia. 
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Figures 1-3. Cleiothyridina subexpansa (Waagen, 1883). 
           1-2. Posterior and lateral views, a ventral valve, NIGP Csu 03 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3. Dorsal view, an internal mould of dorsal valve, NIGP Csu 04 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 4-11. Neospirifer yihewusuensis Duan and Li, 1985 
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           4-7. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Nyi 01 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           8. Ventral view, a ventral valve, NIGP Nyi 02 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
           9-10. Dorsal and lateral views, a dorsal valve, NIGP Nyi 03 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           11. Dorsal view, an external mould of dorsal valve, NIGP Nyi 04 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 12-18. Neospirifer fasciger (Keyserling, 1846) 
           12-15. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Nfa 
01 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           16-18. Ventral, posterior and lateral views, a ventral valve, NIGP Nfa 02 from 
bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
Figures 19-22. Neospirifer sp. 
           19-21.  Ventral, posterior and lateral views, a ventral valve, NIGP Nep 01 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           22. Dorsal view, a dorsal valve, NIGP Nep 02 from bed 5 of Dzhirem-Ula 
section b in southeast Mongolia. 
 
Plate 105 
Figures 1-7. Betaneospirifer sp. 
           1-3. Ventral, posterior and lateral views, a ventral valve, NIGP Bsp 01 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           4-6. Ventral, posterior and lateral views, a ventral valve, NIGP Bsp 02 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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           7. Ventral view, a ventral valve, NIGP Bsp 03 from bed 8 of Dzhirem-Ula 
section a in southeast Mongolia. 
Figures 8-16. Kaninospirifer adpressum (Liu and Waterhouse, 1985) 
           8-12. Ventral, dorsal, posterior, anterior and lateral views, a conjoined shell, 
NIGP Kad 01 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           13-16. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Kad 
02 from bed 5 of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-5. Kaninospirifer adpressum (Liu and Waterhouse, 1985) 
           1-3. Ventral, posterior and anterior views, a ventral valve, NIGP Kad 03 from 
bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           4-5. Dorsal and posterior views, a dorsal valve, NIGP Kad 04 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
Figures 6-13. Kaninospirifer incertiplicatus Pavlova in Pavlova et al., 1991 
           6-7. Ventral and lateral views, a half ventral valve, NIGP Kin 01 from bed 8 of 
Dzhirem-Ula section a in southeast Mongolia. 
           8. Ventral view, a half ventral valve, NIGP Kin 02 from bed 6 of Dzhirem-Ula 
section a in southeast Mongolia. 
           9-10. Ventral and lateral views, a half ventral valve, NIGP Kin 03 from bed 8 
of Dzhirem-Ula section a in southeast Mongolia. 
           11-13. Dorsal, posterior and lateral views, a dorsal valve, NIGP Kin 04 from 
bed 5 of Dzhirem-Ula section a in southeast Mongolia. 
Figures 14-23. Spiriferella keilhaviiformis Fredericks, 1916 
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           14-17. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Spk 
01 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           18-21. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Spk 
02 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           22-23. Ventral and posterior views, a ventral valve, NIGP Spk 03 from bed 9 
of Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-. Spiriferella keilhaviiformis Fredericks, 1916 
           1-2. Anterior and lateral views, a ventral valve, NIGP Spk 03 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-6. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Spk 04 
from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           7-10. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Spk 
05 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
           11-14. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Spk 
06 from bed 8 of Dzhirem-Ula section a in southeast Mongolia. 
Figures 15-23. Alispiriferella lita (Fredericks, 1924a) 
           15-17. Ventral, dorsal and posterior views, a conjoined shell, NIGP Alt 01 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           18-21. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Alt 
02 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           22-23. Posterior and lateral views, a ventral valve, NIGP Alt 03 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
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Figures 1-13. Alispiriferella lita (Fredericks, 1924a) 
           1-2. Ventral and anterior views, a ventral valve, NIGP Alt 03 from bed 9 of 
Dzhirem-Ula section b in southeast Mongolia. 
           3-5. Ventral, posterior and lateral views, a ventral valve, NIGP Alt 04 from bed 
9 of Dzhirem-Ula section b in southeast Mongolia. 
           6-9. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Alt 05 
from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
           10-13. Ventral, posterior, anterior and lateral views, a ventral valve, NIGP Alt 
06 from bed 9 of Dzhirem-Ula section b in southeast Mongolia. 
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Appendix 1 Permian brachiopods of key regions of Northern Transitional Zone database P1=Cisuralian; P2=Guadalupian; P3=Lopingian 
Species name Reference Beishan Ekena-lsileng SE Mongolia Zhesi Xiuji-mqinqi Donguji-mqinqi South Primorye 
S. Kitakami Belt 
Hida Gaien Belt 
Acosarina indica Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Alexenia sp. Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Alispiriferella japonica Tazawa, 2001b; 2007                 P2 
Alispiriferella lita 
this thesis; Kotlyar et al., 2006; Tazawa, 1987; 2000b; 2001b; 2007; Tazawa et al., 2000; Pavlova et al., 1991; Afanaseyeva et al., 2003; Manankov, 1998b; 1999     P1-P2       P2 P2 P2 
Alispiriferella ordinaria Tazawa, 2001b                 P2 
Alispiriferella sp. Tazawa, 2000b                 P2 
Alphaneospirifer wynnei Licharew and Kotlyar, 1978             P2     
Altiplectus mongolicus Grabau, 1931; Ding et al., 1985       P2           
Altiplectus unicus Ding et al., 1985       P2           
Ambocoelia sp. Zhu, 1983 P1-P2                 
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Anemonaria minuscula Manankov, 1998a     P2             
Anemonaria sp. this thesis; Licharew and Kotlyar, 1978     P2       P2     
Anemonaria sublaevis Shi et al., 2002         P2         
Anemonaria sulankherensis 
this thesis; Manankov, 1998a; 1998b; 1999; Afanaseyeva et al., 2003     P1-P2             
Anidanthus aff. horqinensis Lee et al., 1982         P2         
Anidanthus cf. bellus Lee et al., 1982         P2         
Anidanthus cf. ulanhotensis Lee et al., 1982; 1983         P2         
Anidanthus graciosa Lee and Gu, 1976; Ding et al., 1985       P2           
Anidanthus inflatus Lee et al., 1982         P2         
Anidanthus Kolymaensis 
Ustritsky, 1963; Ding et al., 1985; Lee et al., 1982; 1983 P1-P2     P2 P2         
Anidanthus minor Zhang, 1990   P1-P2               
Anidanthus nasus Ding et al., 1985       P1-P2           
Anidanthus sinosus Kotlyar et al., 1989             P3     
Anidanthus sinuata 
this thesis; Ustritsky, 1963; Li et al., unpublished; Zhang, 1990 P1-P2 P1-P2 P2             
Anidanthus sinuatus Lee et al., 1983         P2         
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Anidanthus sp. 
Zhu, 1983; Zhang, 1990; Ding et al., 1985; Lee et al., 1982 P1-P2 P1-P2   P2 P2         
Anidanthus spineus Manankov, 1998a     P2             
Anidanthus ussuricus 
this thesis; Ding et al., 1985; Lee et al., 1982; 1983; Licharew and Kotlyar, 1978; Manankov, 1998a; 1998b; 1999     P2 P2 P2   P2     
Anidanthus waagenianus Licharew and Kotlyar, 1978             P2     
Arctitreta kempei 
this thesis; Pavlova et al., 1991; Afanaseyeva et al., 2003; Manankov, 1999     P1-P2             
Asperlinus asperulus Licharew and Kotlyar, 1978             P2     
Athyris acutomarginalis Ustritsky, 1963 P1-P2                 
Athyris mongoliensis Grabau, 1931; Ding et al., 1985       P2           
Athyris semiconcava Lee et al., 1982         P2         
Athyris sp. Lee et al., 1982         P2         
Attenuatella orientalis Liu and Waterhouse, 1985         P2         
Attenuatella xiujimqinqiensis Lee et al., 1982         P2         
Aulosteges gigantiformis Ustritsky, 1963 P1-P2                 
Avonia echidniformis Nakamura, 1959               P1   
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Avonia? sp. Zhang, 1990   P1-P2               
Bathymyonia barabaschensis Licharew and Kotlyar, 1978             P2     
Bathymyonia nevadensis Licharew and Kotlyar, 1978             P2     
Bathymyonia ussurica Licharew and Kotlyar, 1978             P2     
Betaneospirifer sp. this thesis     P2             
Blasispirifer cf. reedi Tazawa, 2001b; Shi and Tazawa, 2001                 P2 
Blasispirifer reedi 
Shi et al., unpublished; 
Licharew and Kotlyar, 
1978; Shi and Tazawa, 
2001             P2   P2 
Brachythyrina sp. Zhu, 1983 P1-P2                 
Buxtonia sp. Zhu, 1983 P1-P2                 
Callaiapsida arctica this thesis     P1             
Callaiapsida sp. this thesis     P1             
Camerisma lazarevi 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Camerisma rhomboidea Liu and Waterhouse, 1985         P2         
Cancrinella  cf. binata Lee et al., 1982         P2         
Cancrinella bella Lee et al., 1983         P2         
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Cancrinella cancriniformis 
this thesis; Zhu, 1983; Lee 
et al., 1982; 1983; 
Pavlova et al., 1991 P1-P2   P1   P2         
Cancrinella cf. pseudotruncata Zhu, 1983 P1-P2                 
Cancrinella cf. spinosa Tazawa, 2001b                 P2 
Cancrinella koninckiana 
this thesis; Ustritsky, 
1963; Ding et al., 1985; 
Lee et al., 1982; 1983; 
Pavlova et al., 1991; 
Manankov, 1999 P1-P2   P1-P2 P2 P2         
Cancrinella pseudotruncata 
this thesis; Lee et al., 
1983; Pavlova et al., 
1991; Manankov, 1998b     P1   P2         
Cancrinella sp. 
this thesis; Zhu, 1983; 
Zhang, 1990; Licharew 
and Kotlyar, 1978; 
Tazawa and Ibaraki, 2001 P1-P2 P1-P2 P2       P2 P2   
Cancrinella spinosa Tazawa, 2002               P2   
Cancrinella spitsbergiana Licharew and Kotlyar, 1978             P2     
Cancrinella? cancrini Shi et al., 2002         P2         
Capillomesolobus sp. Tazawa, 2001b                 P2 
Chaoiella gruenewaldti Nakamura, 1960               P1   
Chengxianoproductus nachodkensis Kotlyar et al., 1989             P3     
Chonetes matsushitai Lee et al., 1982         P2         
Chonetes schlagintweiti Lee et al., 1982         P2         
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Chonetes sp. Lee et al., 1982         P2         
Chonetinella sinuata 
Pavlova et al., 1991; 
Afanaseyeva et al., 2003     P1-P2             
Cleiothyridina bajkurica this thesis; Pavlova et al., 1991     P1             
Cleiothyridina sp. this thesis; Licharew and Kotlyar, 1978     P1       P1     
Cleiothyridina subexpansa 
this thesis; Zhu, 1983; 
Tazawa et al., 2000; 
Manankov, 1999 P1-P2   P1-P2         P2   
Collemataria sp. Kotlyar et al., 2006             P2     
Collemataria spatulata Licharew and Kotlyar, 1978             P2     
Compressoproductus cf. corniformis Manankov, 1998a     P2             
Compressoproductus compressus 
Li et al., unpublished; 
Licharew and Kotlyar, 
1978; Tazawa et  al., 2000 P1-P2           P2 P2   
Compressoproductus corniformis Shi et al., 2002; Kotlyar et al., 2006         P2   P2     
Compressoproductus mongolicus Licharew and Kotlyar, 1978             P2     
Compressoproductus prinadai Licharew and Kotlyar, 1978             P2     
Compressoproductus sp. Li et al., unpublished P1-P2                 
Compressoproductus vladivostokensis Licharew and Kotlyar, 1978             P2     
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Costiferina sp. Kotlyar et al., 2003; 2006             P2     
Crurithyris sp. Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Cryptospirifer omeishanensis Zhu, 1983 P2                 
Cyrolexis sp. Licharew and Kotlyar, 1978             P2     
Cyrtella sp. Li et al., unpublished P1-P2                 
"Dictyoclostus" jalaidensis Lee et al., 1982; 1983         P2         
Derbyia cf. buchi Tazawa and Matsumoto, 1998                 P2 
Derbyia cfr. Acutiplicata Nakamura, 1972a               P2   
Derbyia dorsosulcata 
Liu and Waterhouse, 
1985         P2         
Derbyia grandis 
Licharew and Kotlyar, 
1978; Tazawa and Ibaraki, 
2001             P2 P2   
Derbyia nipponica Nakamura, 1972a; Tazawa and Ibaraki, 2001               P2   
Derbyia sp. 
Lee et al., 1982; 1983; 
Nakamura, 1972a; 
Tazawa, 2000b; 2001b; 
2007         P2     P1-P2 P2 
Dictyoclostus aff. spiralis Nakamura, 1960               P2   
Dictyoclostus cfr. inflatiformis var. expansus Nakamura, 1960               P1   
Dictyoclostus grabaui Nakamura, 1960               P1   
Dictyoclostus sinoindicus Nakamura, 1960               P2   
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Dictyoclostus sp. 
Li et al., unpublished; 
Zhang, 1990; Nakamura, 
1960 P1-P2 P1-P2           P1   
Dictyoclostus taiyuanfuensis var. loczyi Nakamura, 1960               P1   
Dictyoclostus yohi Nakamura, 1959               P1   
Dictyoclostus zesiensis Lee et al., 1982         P2         
Dicystoconcha parvula 
Licharew and Kotlyar, 
1978             P2     
Dielasma acutangulum var. minor Grabau, 1931; Ding et al., 1985       P2           
Dielasma cf. itaitubensis Ding et al., 1985       P2           
Dielasma elongatum Li et al., unpublished P1-P2                 
Dielasma elongatum var. orientalis Grabau, 1931; Ding et al., 1985       P2           
Dielasma millepunctatum var. mongolicum Grabau, 1931; Ding et al., 1985       P2           
Dielasma mongolicum Grabau, 1931; Ding et al., 1985       P2           
Dielasma sp. 
Zhu, 1983; Zhang, 1990; 
Lee et al., 1982; Tazawa, 
2001b P1-P2 P1-P2     P2       P2 
Dielasma truncatum Ustritsky, 1963 P1-P2                 
Dyoros (Dyoros) borealis this thesis     P1             
Dyoros (Dyoros) cf. pseudotrapezoidalis this thesis     P1             
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Dyoros (Dyoros) extensiformis this thesis     P1             
Dyoros (Dyoros) grandis this thesis     P1             
Dyoros (Dyoros) magniconvexus n. sp. this thesis     P1             
Dyoros (Dyoros) semicircularis 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Dyoros (Lissosia) planiminisculus n. sp. this thesis     P1             
Dyoros lamellosa Liu and Waterhouse, 1985         P2         
Echinauris jisuensis 
this thesis; Chao, 1927; 
Ding et al., 1985; 
Manankov, 1998a; 1998b; 
1999     P2 P2           
Echinauris opuntia Licharew and Kotlyar, 1978             P2     
Echinauris sp. Shi et al., 2002         P2         
Echinauris. cf. jisuensis Zhu, 1983 P1-P2                 
Echinoconchus sp. Zhu, 1983; Ding et al., 1985 P1-P2     P2           
Edriosteges poyangensis 
Kotlyar et al., 1989; Licharew and Kotlyar, 1978             P2-P3     
Edriosteges sp. Tazawa, 1991; 1998               P2   
Elivina sinensis Liu and Waterhouse, 1985         P2         
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Elivina sp. Zhu, 1983 P1-P2                 
Elivina tibetana Licharew and Kotlyar, 1978             P2     
Enteletes andrewsi 
Li et al., unpublished; 
Ding et al., 1985; Grabau, 
1931 P1-P2     P2           
Enteletes cf. subobesa Ding et al., 1985; Grabau, 1931       P2           
Enteletes najae Licharew and Kotlyar, 1978             P2     
Enteletes nucleolus Licharew and Kotlyar, 1978             P2     
Enteletes obesa Ding et al., 1985; Grabau, 1931       P2           
Enteletes obesus Licharew and Kotlyar, 1978             P2     
Enteletes sp. 
Li et al., unpublished; 
Zhang, 1990; Ding et al., 
1985; Tazawa, 2000b; 
2001b; 2007 P1-P2 P1-P2   P2         P2 
Enteletes subglobus Ding et al., 1985       P2           
Enteletes tenuistriatus Licharew and Kotlyar, 1978             P2     
Eolyttonia cf. nkazawai Tazawa, 1975               P3   
Fallaxoproductus sungensis Lee et al., 1982         P2         
Fallaxoproductus dedorus Lee et al., 1982         P2         
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Fallaxoproductus plenus Lee et al., 1982         P2         
Fallaxoproductus moribuensis Tazawa, 2001b                 P2 
Fusispirifer exgr. nitiensis Kotlyar et al., 2006             P1     
Fusiformis sp. 
Licharew and Kotlyar, 
1978             P1     
Gegenella gegenensis Shen et al., 2006         P1-P2         
Geyerella sp. Tazawa, 1991; 1998               P2   
Girlasia minor 
Licharew and Kotlyar, 
1978             P2     
Globiella reshetovi 
this thesis; Afanaseyeva et al., 2003; Manankov, 1998a; 1998b; 1999     P2             
Gublerla sp. 
Licharew and Kotlyar, 
1978             P2     
Gypospirifer sp. Tazawa, 2000b                 P2 
Gypospirifer volatilis Ding et al., 1985; Tazawa, 2001b; 2007       P2         P2 
Haydenella cf. kiangsiensis Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Haydenella dutkevichi Licharew and Kotlyar, 1978             P2     
Haydenella gefoensis Licharew and Kotlyar, 1978             P2     
Haydenella khasorensis Licharew and Kotlyar, 1978             P2     
Haydenella tumida Licharew and Kotlyar, 1978             P2     
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Hemiptychina episulcata Ding et al., 1985       P2           
Hemiptychina himalayensis 
Licharew and Kotlyar, 
1978             P2     
Hemiptychina homoplicata Ding et al., 1985       P2           
Hemiptychina mongolica 
Grabau, 1931; Ding et al., 
1985       P2           
Hemiptychina morrisi 
Grabau, 1931; Ding et al., 
1985       P2           
Hemiptychina nana 
Grabau, 1931; Ding et al., 
1985       P2           
Hemiptychina quadrata Ding et al., 1985       P2           
Heteralosia alexandrae 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Horridonia morrisi 
this thesis; Chao, 1927; 
Ding et al., 1985; 
Manankov, 1998a; 1999     P2 P2           
Hustedia cf. grandiscosta Tazawa and Matsumoto, 1998                 P2 
Hustedia discroplicata Ding et al., 1985       P2           
Hustedia grandicosta 
Ding and Qi, 1983; Zhang, 
1990; Lee et al., 1982; 
Licharew and Kotlyar, 
1978 P1-P2 P1-P2     P2   P2     
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Hustedia lata 
Li et al., unpublished; 
Grabau, 1931; Ding et al., 
1985; Lee et al., 1982 P1-P2     P2 P2         
Hustedia longirostris Licharew and Kotlyar, 1978             P2     
Hustedia ratburiensis Tazawa, 2001b                 P2 
Hustedia sp. Lee et al., 1982         P2         
Ingelarella atlanicha 
this thesis; Licharew and 
Kotlyar, 1978; Pavlova et 
al., 1991     P1       P1     
Ingelarella plana this thesis     P1             
Jakutoproductus sp. Shen et al., 2006         P1-P2         
Jilinmartinia hovsugolensis n. sp. this thesis     P1             
Jilinmartinia medius n. sp. this thesis     P1             
Juresania cf. juresanensis Tazawa, 2001b                 P2 
Juresania juresanensis Zhu, 1983; Zhang, 1990; Nakamura, 1959 P1-P2 P1-P2           P1   
Juresania sinuata Ding and Qi, 1983 P1-P2                 
Juresania sp. Zhu, 1983 P1-P2                 
Kalitvella sp. Pavlova et al., 1991     P1             
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Kaninospirifer adpressum 
this thesis; Wang and 
Zhang, 2003; Liu and 
Waterhouse, 1985; Shi et 
al., unpublished; Pavlova 
et al., 1991; Afanaseyeva 
et al., 2003; Manankov, 
1998b; 1999     P1-P2 P2 P2   P2     
Kaninospirifer incertiplicatus this thesis; Pavlova et al., 1991; Manankov, 1999     P1-P2             
Kaninospirifer kaninensis Li et al., unpublished; Shi et al., unpublished P1-P2           P2     
Kaninospirifer sp. Shi et al., 2002         P2         
Kaninospirifer stepanovi Shi et al., unpublished             P2     
Keyserlingina sp. 
Licharew and Kotlyar, 
1978             P2     
Kiangsiella pectiniformis Licharew and Kotlyar, 1978             P2     
Kitakamithyris ovata Liu and Waterhouse, 1985         P2         
Kochiproductus aff. sinensis Lee et al., 1982; Liu and Waterhouse, 1985         P2         
Kochiproductus cf. porrectus Ding et al., 1985       P2           
Kochiproductus longus Zhu, 1983 P1-P2                 
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Kochiproductus maximus 
this thesis; Chao, 1927; Grabau, 1931; Lee and Gu, 1976; Wang and Zhang, 2003; Pavlova et al., 1991; Manankov, 1998a     P1-P2 P2           
Kochiproductus nodocellus Lee et al., 1983         P2         
Kochiproductus porrectus 
Ustritsky, 1963; Li et al., 
unpublished; Lee et al., 
1982; 1983; Shi et al., 
unpublished P1-P2       P2   P2     
Kochiproductus saranaeanus 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003; Manankov, 1998a; 
1999     P1-P2             
Kochiproductus sp. 
Ustritsky, 1963; Zhang, 
1990; Chao, 1927; 
Grabau, 1931; Lee and 
Gu, 1976; Wang and 
Zhang, 2003; Liu and 
Waterhouse, 1985; Lee et 
al., 1982; Tazawa et al., 
2000; 2001 P1-P2 P1-P2   P2 P2 P1-P2   P2   
Kolymaella ogonerensis Afanaseyeva et al., 2003     P1-P2             
Krotovia lineata Lee et al., 1982         P2         
Krotovia sp. Pavlova et al., 1991     P1-P2             
Leptodus kaluzinensis Licharew and Kotlyar,             P2     
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1978 
Leptodus nobilis 
this thesis; Ding and Qi, 
1983; Zhu, 1983; Lee et 
al., 1982; 1983; Licharew 
and Kotlyar, 1978; 
Tazawa, 1987; 2000b; 
2001b; 2002; 2007; 
Tazawa and Ibaraki, 2001; 
Tazawa and Matsumoto, 
1998; Manankov, 1998a; 
1999 P1-P2   P2   P2   P2 P2 P2 
Leptodus richthofeni 
Li et al., unpublished; 
Licharew and Kotlyar, 
1978; Ding et al., 1985 P1-P2     P2     P2     
Leptodus sp. Lee et al., 1982; 1983; Tazawa, 1987         P2     P2   
Leptodus tenuis Ding et al., 1985       P2           
Licharewia grewingki Zhu, 1983; Lee et al., 1982; Tazawa et al., 2001 P1-P2       P2 P1-P2       
Licharewia keyserling Lee et al., 1982         P2         
Licharewia multiplicata Lee et al., 1982         P2         
Licharewia neosibirica Shen et al., 2006; Lee et al., 1982         P1-P2         
Limbella granger Grabau, 1931; Ding et al., 1985       P2           
Linoproducturs? sp. Zhang, 1990   P1-P2               
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Linoproductus cora Lee et al., 1982; 1983; Tazawa and Ibaraki, 2001         P2     P2   
Linoproductus lineatus Licharew and Kotlyar, 1978; Tazawa, 2001b             P2   P2 
Linoproductus lutkewitschi 
this thesis; Lee et al., 
1982; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1   P2         
Linoproductus planiconvexus n. sp. this thesis     P1             
Linoproductus simensis Tazawa et al., 2001           P1-P2       
Linoproductus sp. 
Zhu, 1983; Lee et al., 
1982; Shi et al., 
unpublished P1-P2       P2   P2     
Linoproductus sp.1 this thesis     P1             
Linoproductus sp.2 this thesis     P1             
Linoproductus triangularis Licharew and Kotlyar, 1978             P2     
Liosotella beishanensis n. sp. Li et al., unpublished P1-P2                 
Liosotella decimena 
this thesis; Kotlyar et al., 
2006; Pavlova et al., 
1991; Afanaseyeva et al., 
2003; Manankov, 1998a; 
1998b; 1999     P1-P2       P2     
Liosotella faceta Lee et al., 1983         P2         
Liosotella magniplicata Licharew and Kotlyar, 1978             P2     
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Liosotella minuscula Pavlova et al., 1991     P1-P2             
Liosotella mongugaensis Kotlyar et al., 2006             P2     
Liosotella septentrionalis Lee et al., 1982; 1983         P2         
Liosotella sp. Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Liosotella spitzbergiana 
Ustritsky, 1963; Li et al., 
unpublished; Zhang, 
1990; Lee et al., 1982; 
1983 P1-P2 P1-P2     P2         
Magniderbyia sp. Nakamura, 1972a               P1   
Magniplicatina khubsugulensis 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Magniplicatina sp. this thesis; Liu and Waterhouse, 1985     P1   P2         
Magniplicatina transversa this thesis     P1             
Magniplicatina undulate this thesis     P1             
Marginifera bicostata Lee et al., 1982; 1983         P2         
Marginifera cf. gaominensis Zhu, 1983 P1-P2                 
Marginifera dieneri Ustritsky, 1963; Lee et al., 1982 P1-P2       P2         
Marginifera gobiensis 
this thesis; Zhu, 1983; 
Ding et al., 1985; Lee et 
al., 1982; 1983; 
Manankov, 1998a; 1999 P1-P2   P2 
P1-
P2 P2         
Marginifera himalayensis Ustritsky, 1963 P1-P2                 
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Marginifera leptorugosa 
this thesis; Ding et al., 
1985; Manankov, 1998a; 
1999     P2 P2           
Marginifera morrisi Zhu, 1983; Zhang, 1990: Lee et al., 1982; 1983 P1-P2 P1-P2     P2         
Marginifera ovalis Ustritsky, 1963; Li et al., unpublished; P1-P2                 
Marginifera septentrionalis Shi et al., unpublished             P2     
Marginifera sp. 
Zhu, 1983; Lee et al., 
1983; Lee et al., 1982 P1-P2       P2         
Marginifera typica 
Zhu, 1983; Lee et al., 
1982; Licharew and 
Kotlyar, 1978 P2       P2   P2     
Marginifera typica elongata Zhu, 1983 P2                 
Marginifera typical var. septentrionalis Ding et al., 1985       P2           
Martinia distefanoi Ding et al., 1985       P2           
Martinia lingulata Ding et al., 1985       P2           
Martinia mirabilis Ding et al., 1985       P2           
Martinia mongolica Grabau, 1931; Ding et al., 1985       P2           
Martinia nucula Licharew and Kotlyar, 1978             P2     
Martinia orbicularis Ding et al., 1985       P2           
Martinia osborni Grabau, 1931; Ding et al., 1985       P2           
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Martinia sinensis Grabau, 1931; Ding et al., 1985       P2           
Martinia sp. 
Zhu, 1983; Zhang, 1990; 
Shi et al., unpublished; 
Tazawa et al., 2000; 
Tazawa, 2001b P1-P2 P1-P2         P2 P2 P2 
Martinia subapplanata Licharew and Kotlyar, 1978             P2     
Martiniopsis sp. 
Lee et al., 1982; Tazawa, 
2001b         P2       P2 
Meekella cf. timanica Ding et al., 1985       P2           
Meekella cfr. eximia Nakamura, 1972a               P2   
Meekella cfr. striatocostata Nakamura, 1972a               P2   
Meekella garnieri Nakamura, 1972a; Tazawa, 2002               P2   
Meekella mexicana Nakamura, 1972a               P1   
Meekella minatoi Nakamura, 1972a               P2   
Meekella nodosa Nakamura, 1972a               P2   
Meekella pacifica Licharew and Kotlyar, 1978             P2     
Meekella sp. 
Nakamura, 1972a; 
Tazawa and Matsumoto, 
1998               P2 P2 
Megousia aagardi 
this thesis; Lee et al., 
1982; Pavlova et al., 
1991; Manankov, 1998b     P1   P2         
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Megousia nakamurai Tazawa, 1975               P3   
Megousia nasuta Licharew and Kotlyar, 1978             P2     
Megousia pobedensis Licharew and Kotlyar, 1978             P2     
Megousia sinuata 
Pavlova et al., 1991; 
Afanaseyeva et al., 2003; 
Manankov, 1999     P2             
Megousia sp. 
Licharew and Kotlyar, 
1978; Kotlyar et al., 2006; 
Tazawa, 2000b; 2001b; 
2007             P2   P2 
Mesolobus mesolobus Nakamura, 1959               P1   
Mongolochonetes inaequalis 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003; Manankov, 1999     P1-P2             
Mongolochonetes sinuata Manankov, 1998b     P2             
Mongolochonetes sp. this thesis     P2             
Neochonete latesinuata Zhu, 1983 P1-P2                 
Neospirifer cf. fasciger Tazawa, 2001b                 P2 
Neospirifer cf. ravana Zhang, 1990; Ding et al., 1985   P1-P2   P2           
Neospirifer fasciger 
this thesis; Ustritsky, 
1963; Li et al., 
unpublished; Zhang, 1990 P1-P2 P1-P2 P2             
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Neospirifer koargychanensis this thesis; Pavlova et al., 1991     P1             
Neospirifer moosakhailensis Lee et al., 1982         P2         
Neospirifer ravana 
Ustritsky, 1963; Ding and 
Qi, 1983; Li et al., 
unpublished; Lee et al., 
1982 P1-P2       P2         
Neospirifer rhombicus Ding et al., 1985       P2           
Neospirifer sp. 
this thesis, Zhu, 1983; 
Zhang, 1990; Ding et al., 
1985; Shi et al., 2002; 
Pavlova et al., 1991 P1-P2 P1-P2 P1-P2 P2 P2         
Neospirifer striatoparadoxus 
Zhu, 1983; Lee et al., 
1982; Licharew and 
Kotlyar, 1978 P1-P2       P2   P2     
Neospirifer striatus Ding and Qi, 1983 P1-P2                 
Neospirifer subfasciger Zhu, 1983; Lee et al., 1982 P1-P2       P2         
Neospirifer sulcoprofundus Liu and Waterhouse, 1985         P2         
Neospirifer xiujumqinqiensis Lee et al., 1982         P2         
Neospirifer yihewusuensis 
this thesis; Ding et al., 
1985; Manankov, 1998b; 
1999     P2 P2           
Notothyris minuta 
Licharew and Kotlyar, 
1978             P2     
Notothyris nucleolus Ding et al., 1985       P2           
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Notothyris simplexoides Ding et al., 1985       P2           
Obiculoidea sp. Zhu, 1983 P2                 
Oldhamina cf. decipiens Zhu, 1983 P1-P2                 
Oldhamina sp. Shi et al., unpublished             P2     
Orbiculoidea cf. jangarensis Tazawa, 2001b                 P2 
Orbiculoidea sp. Pavlova et al., 1991     P1             
Orthotetes callytharrensis Nakamura, 1972a               P1   
Orthotetes jugorica 
thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003; Manankov, 1999     P1-P2             
Orthotetes simensis Zhu, 1983 P1-P2                 
Orthotetes sp. Zhu, 1983; Zhang, 1990; Lee et al., 1982 P1-P2 P1-P2     P2         
Orthotetina elongata Nakamura, 1972a               P2   
Orthotetina hayasakai Nakamura, 1972a               P2   
Orthotetina kayseri Nakamura, 1972a               P2   
Orthotetina polita Nakamura, 1972a               P2   
Orthotetina sp. Nakamura, 1972a               P1-P2   
Orthotetina transversa Nakamura, 1972a               P2   
Orthotichia derbyi var. nana Grabau, 1931; Ding et al., 1985       P2           
Orthotichia magnifica 
Licharew and Kotlyar, 
1978             P2     
Orthotichia morganiana Ding et al., 1985       P2           
Orthotichia sp. Wang and Zhang, 2003       P2           
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?Pseudosyringothyris sp. 
Liu and Waterhouse, 
1985         P2         
Paeckelmanella aff. quadriplicata Lee et al., 1982         P2         
Paeckelmanella alata Lee et al., 1982         P2         
Paeckelmanella expansa this thesis; Pavlova et al., 1991     P1             
Paeckelmanella laevis Lee et al., 1982         P2         
Paeckelmanella latissima 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Paeckelmanella quadriplicata Lee and Gu, 1976; Ding et al., 1985       P2           
Paeckelmanella sp. Zhu, 1983; Zhang, 1990; Lee et al., 1982 P1-P2 P1-P2     P2         
Paramarginifera cf. dalinurica Zhu, 1983; Zhang, 1990; Lee et al., 1982; 1983 P1-P2 P1-P2     P2         
Paramarginifera cf. gobiensis Zhang, 1990   P1-P2               
Paramarginifera convexa n. sp. this thesis     P1             
Paramarginifera japonica Tazawa, 1975               P3   
Paramarginifera nativa 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003; Manankov, 1998b     P1             
Paramarginifera pentagona n. sp. this thesis     P1             
Paramarginifera peregrina this thesis; Manankov, 1998a; 1999     P2             
Paramarginifera sp. this thesis     P2             
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Paramarginifera sulcata n. sp. this thesis     P1             
Paramarginifera zesiensis Zhu, 1983; Zhang, 1990; Lee et al., 1982; 1983 P1-P2 P1-P2     P2         
Paramarginifera? peregrine Ding et al., 1985       P2           
Paucispinifer mongugaensis 
Licharew and Kotlyar, 
1978             P2     
Peltichia nachodkensis Kotlyar et al., 1989             P3     
Peniculauris aff. subcostata 
Licharew and Kotlyar, 
1978             P2     
Permianella typica Tazawa, 2002               P2   
Permicola sp. (?) Licharew and Kotlyar, 1978             P2     
Permophricodothyris grandis Kotlyar et al., 1989             P3     
Permundaria asiatica Tazawa, 2000b; 2001b; 2007                 P2 
Permundaria tenuistriata Tazawa, 2002               P2   
Phricodothyris asiatica Ustritsky, 1963; Zhu, 1983 P1-P2                 
Phricodothyris sp. this thesis; Lee et al., 1982; Nakamura, 1959     P1   P2     P1   
Phricodothyris suborbicularis 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Plicatifera sp. Zhu, 1983 P1-P2                 
Poikilosakos cf. kamiyassensis this thesis; Manankov, 1999     P2             
Praeangustothyris sp. (?) Licharew and Kotlyar,             P2     
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Primorewia reshetnikov 
this thesis; Licharew and 
Kotlyar, 1978; Pavlova et 
al., 1991; Afanaseyeva et 
al., 2003; Manankov, 
1998b     P1       P1     
Probolionia caucasica peregrina 
Licharew and Kotlyar, 
1978             P2     
Probolionia minor 
Licharew and Kotlyar, 
1978             P2     
Prorichthofenia permiana Licharew and Kotlyar, 1978             P2     
Prorichthofenia ussurica Licharew and Kotlyar, 1978             P2     
Pseudosyrinx sp. Lee et al., 1982         P2         
Pterospirifer alatus Ding and Qi, 1983 P1-P2                 
Punctospirifer sp. Li et al., unpublished; Lee et al., 1982 P1-P2       P2         
Reticulatia cf. subplicata Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Reticulatia sp. Tazawa, 2001b                 P2 
Rhipidomella sp. Tazawa, 2002               P2   
Rhombospirifer zhesiensis Ding et al., 1985; Shi et al., unpublished       P2     P2     
Rhynchopora inconstantis Tazawa et al., 2001           P1-P2       
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Rhynchopora lobjaensis 
Lee et al., 1982; Licharew 
and Kotlyar, 1978; 
Afanaseyeva et al., 2003     P1-P2   P2   P2     
Rhynchopora nikitini this thesis; Kotlyar et al., 2006     P1       P1     
Rhynchopora sp. 
Tazawa and Shintani, 2010; Tazawa, 2001b; Shi and Tazawa, 2001               P1 P2 
Rhynchopora sulunensis Lee et al., 1982         P2         
Rhynchopora tchernyshae 
this thesis; Shi et al., 
unpublished; Tazawa et 
al., 2000; Shi and Tazawa, 
2001     P2       P2 P2 P2 
Rhynchopora tripartita Shi et al., unpublished             P2     
Rhynchopora variabilis Kotlyar et al., 2006             P1     
Rhynoleichus delenjaensis this thesis     P1             
Rhynoleichus dsilensis Pavlova et al., 1991     P1-P2             
Rhynoleichus subglobosus Kotlyar et al., 2006             P1     
Richthofenia cornuformis Ding et al., 1985       P2           
Richthofenia mabutii Tazawa, 1987               P2   
Richthofenia orientalis Licharew and Kotlyar, 1978             P2     
Rostranteris ovalis Licharew and Kotlyar, 1978             P2     
"Striatifera" prinadai Lee et al., 1983         P2         
?Squamularia sp. Liu and Waterhouse,         P2         
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Scacchinella sp. Tazawa and Shintani, 2010               P1   
Schellwienella anxiensis Ding and Qi, 1983 P1-P2                 
Schellwienella crenistria Zhu, 1983 P2                 
Schellwienella sp. Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Schizophoria resupinate Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Schizophoria tumor Ding et al., 1985       P2           
Schuchertella cfr. beyrichi Nakamura, 1972a               P2   
Schuchertella frechi Nakamura, 1972a               P2   
Schuchertella sp. Zhu, 1983; Nakamura, 1972a P2             P1   
Spinomarginifera costata Licharew and Kotlyar, 1978             P2     
Spinomarginifera helica Licharew and Kotlyar, 1978             P2     
Spinomarginifera jisuensis Licharew and Kotlyar, 1978             P2     
Spinomarginifera kueichowensis Tazawa, 2002               P2   
Spinomarginifera labaensis Licharew and Kotlyar, 1978             P2     
Spinomarginifera lopingensis Licharew and Kotlyar, 1978             P2     
Spinomarginifera morrisi Licharew and Kotlyar, 1978             P2     
Spinomarginifera sp. Zhang, 1990   P1-P2               
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Spinomarginifera spatiosa Licharew and Kotlyar, 1978             P2     
Spirelytha fredericksi this thesis; Pavlova et al., 1991     P1             
Spirelytha sp Kotlyar et al., 2006; Pavlova et al., 1991     P1-P2       P1     
Spiriferella aff. antefurcata Liu and Waterhouse, 1985         P2         
Spiriferella cf. rajah Lee et al., 1982         P2         
Spiriferella cristata Zhu, 1983 P1-P2                 
Spiriferella grandis Licharew and Kotlyar, 1978             P2     
Spiriferella keilhavii 
this thesis; Zhu, 1983; Shi 
et al., 2002; Lee et al., 
1982; Tazawa, 2002; 
Tazawa and Ibaraki, 2001 P1-P2   P1   P2     P2   
Spiriferella keilhaviiformis 
this thesis; Zhu, 1983; 
Kotlyar et al., 2006; 
Pavlova et al., 1991; 
Manankov, 1999 P1-P2   P1-P2       P2     
Spiriferella magna Ding et al., 1985       P2           
Spiriferella mugunica this thesis; Pavlova et al., 1991     P1-P2             
Spiriferella neimongolensis Ding et al., 1985       P2           
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Spiriferella ovata 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003; Manankov, 1998b     P1             
Spiriferella persaranae 
Zhu, 1983; Zhang, 1990; 
Shi et al., 2002; Lee et al., 
1982 P1-P2 P1-P2     P2         
Spiriferella persaranaeana Lee et al., 1985         P2         
Spiriferella pingtoushanensis n. sp. Li et al., unpublished P1-P2                 
Spiriferella praesaranae this thesis     P1             
Spiriferella pumilis Ding et al., 1985       P2           
Spiriferella rajah 
Zhu, 1983; Ding and Qi, 
1983; Lee et al., 1985; 
Licharew and Kotlyar, 
1978 P1-P2       P2   P2     
Spiriferella salteri 
Zhu, 1983; Zhang, 1990; 
Ding et al., 1985; Lee et 
al., 1982; 1985; Shi et al., 
unpublished P1-P2 P1-P2   P2 P2   P2     
Spiriferella saranae 
Ustritsky, 1963; Li et al., 
unpublished; Zhu, 1983; 
Zhang, 1990 P1-P2 P1-P2               
Spiriferella sinica Ding and Qi, 1983 P1-P2                 
Spiriferella sp. 
Zhu, 1983; Ding et al., 
1985; Liu and 
Waterhouse, 1985; 
Tazawa, 1987 P1-P2     P2 P2     P2   
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Spiriferella tetralobata Lee et al., 1982         P2         
Spiriferella voluta Ding et al., 1985       P2           
Spiriferella wangi Liu and Waterhouse, 1985         P2         
Spiriferella xiujumqinqiensis Lee et al., 1982         P2         
Spiriferelloides xiuqiensis Lee et al., 1985         P2         
Spirigerella sp. Liu and Waterhouse, 1985         P2         
Spitzbergenia ogonerensis this thesis; Pavlova et al., 1991     P1-P2             
Squamularia cf. elegantula Ding et al., 1985       P2           
Squamularia sp. Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Stenoscisma biplicatum 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
Stenoscisma cf. mutabilis Lee et al., 1982         P2         
Stenoscisma cf. paucisulcata Liu and Waterhouse, 1985         P2         
Stenoscisma cf. timorense Liu and Waterhouse, 1985         P2         
Stenoscisma gigantea Ding and Qi, 1983; Lee et al., 1982 P1-P2       P2         
Stenoscisma gigantiformis Ding and Qi, 1983 P1-P2                 
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Stenoscisma margaritovi 
this thesis; Li et al., 
unpublished; Ding et al., 
1985; Licharew and 
Kotlyar, 1978; Shi et al., 
unpublished; Tazawa, 
2000b; 2001b; 2002; 
2007; Tazawa et al., 2000; 
Tazawa and Matsumoto, 
1998 P1-P2   P2 P2     P2 P2 P2 
Stenoscisma mutabilis Ding et al., 1985       P2           
Stenoscisma ovalia Liu and Waterhouse, 1985         P2         
Stenoscisma purdoni 
Ustritsky, 1963; Ding and 
Qi, 1983; Li et al., 
unpublished; Zhang, 
1990; Lee et al., 1982 P1-P2 P1-P2     P2         
Stenoscisma purdoniformis 
this thesis; Zhu, 1983; 
Zhang, 1990; Ding et al., 
1985; Grabau, 1931; 
Manankov, 1998b; 1999 P1-P2 P1-P2 P2 P2           
Stenoscisma sp. 
this thesis; Zhu, 1983; 
Ding et al., 1985; Liu and 
Waterhouse, 1985 P1-P2   P1-P2 P2 P2         
Stenoscisma superstes Ding et al., 1985       P2           
Stenoscisma tenuistriata Licharew and Kotlyar, 1978             P2     
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Stenoscisma timorense 
Licharew and Kotlyar, 
1978; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1-P2       P2     
Stenoscisma zhesiensis Ding et al., 1985       P2           
Streptorhynchus aff. amygdalis Lee et al., 1982         P2         
Streptorhynchus anomalus Shen et al., 2006         P1-P2         
Streptorhynchus broilii this thesis; Manankov, 1999     P2             
Streptorhynchus hippocripicus Ding et al., 1985       P2           
Streptorhynchus lenticularis Lee et al., 1982         P2         
Streptorhynchus pelargonatus Nakamura, 1972a               P2   
Streptorhynchus semiconus Ding et al., 1985       P2           
Streptorhynchus sinuatum Licharew and Kotlyar, 1978             P2     
Streptorhynchus sp. 
this thesis; Zhu, 1983; 
Ding et al., 1985; 
Nakamura, 1972a; 
Manankov, 1999 P1-P2   P1-P2 P2       P1   
Streptorhynchus subcataclinus Ding et al., 1985       P2           
Streptorhynchus undulatus Ding et al., 1985       P2           
Streptorhynchus xiujumeinqiensis Lee et al., 1982         P2         
Streptorhynchus zhesiensis Ding et al., 1985       P2           
Streptorhynchus? kayseri Zhu, 1983 P2                 
Striapustula pseudotruncata Afanaseyeva et al., 2003     P1-P2             
Striatifera cf. prinadai Lee et al., 1982         P2         
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Strophalosia kharaerdensis 
this thesis; Afanaseyeva et al., 2003; Manankov, 1998a; 1998b; 1999     P2             
Strophalosia multituberculata Lee et al., 1982; 1983         P2         
Strophalosia pulchra Lee et al., 1983         P2         
Strophalosia rarispina Lee et al., 1982         P2         
Strophalosia sp. Lee et al., 1982; 1983         P2         
Strophalosia spinollosa Lee et al., 1982         P2         
Strophalosiina rugosocostata 
Licharew and Kotlyar, 
1978             P2     
Substriatifera vladivostokensis 
Licharew and Kotlyar, 
1978; Shi et al., 
unpublished             P2     
Syringothyris sp. 
Liu and Waterhouse, 
1985         P2         
Tenuichonetes aff. tenuilirata Zhu, 1983 P2                 
Tenuichonetes tenuilirata Zhu, 1983 P1-P2                 
Terrakea echinata Manankov, 1998a     P2             
Timaniella harkeri 
Licharew and Kotlyar, 
1978             P2     
Tiramnia greenlandica 
this thesis; Pavlova et al., 
1991; Afanaseyeva et al., 
2003     P1             
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Transennatia gratiosa 
Zhu, 1983; Shi et al., 
unpublished; Licharew 
and Kotlyar, 1978; 
Tazawa, 2000b; 2001b; 
2002; 2007; Tazawa and 
Ibaraki, 2001; Tazawa et 
al., 2000; Tazawa and 
Matsumoto, 1998 P1-P2           P2 P2 P2 
Tschernyschewia pseudoirginae Zhu, 1983 P1-P2                 
Tschernyschewia typica Tazawa, 1975               P3   
Tyloplecta cf. yangtzeensis Tazawa and Ibaraki, 2001               P2   
Tyloplecta sp. Tazawa, 2002               P2   
Tyloplecta yangtzeensis 
Zhu, 1983; Zhang, 1990; 
Licharew and Kotlyar, 
1978 P1-P2 P1-P2         P2     
Uncinunellina ?biconvexa Ding et al., 1985; Lee et al., 1982       P2 P2         
Uncinunellina mongolicus 
Zhu, 1983; Ding and Qi, 
1983; Grabau, 1931; Ding 
et al., 1985; Lee et al., 
1982 P2     P2 P2         
Uncinunellina timorensis Zhu, 1983; Ding and Qi, 1983 P2                 
Uraloproductus bilobatus this thesis     P1             
Uraloproductus stuckenbergianus this thesis     P1             
Urushtenia urushtensis Licharew and Kotlyar,             P2     
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Urushtenoidea crenulata Tazawa, 2000b; 2001b; 2007                 P2 
Urushtenoidea maceus Tazawa, 2002               P2   
Ussurichonetes plicatiformis 
Licharew and Kotlyar, 
1978             P2     
 Waagenoconcha sp. 
Zhu, 1983; Zhang, 1990; 
Chao, 1927; Grabau, 
1931; Lee and Gu, 1976; 
Wang and Zhang, 2003; 
Liu and Waterhouse, 
1985; Kotlyar et al., 2006; 
Tazawa and Ibaraki, 2001 P1-P2 P1-P2   P2 P2   P2 P2   
Waagenites artemovskensis Licharew and Kotlyar, 1978             P2     
Waagenites cf. aequicosta Lee et al., 1982         P2         
Waagenites soochowensis Tazawa et al., 2000               P2   
Waagenites sp. Lee et al., 1982         P2         
Waagenoconcha (Waagenochocha) sp. Li et al., unpublished; Manankov, 1999 P1-P2   P2             
Waagenoconcha angustata 
this thesis; Kotlyar et al., 
2006; Pavlova et al., 
1991; Manankov, 1998a; 
1998b; 1999     P1-P2       P2     
Waagenoconcha asiatica Tazawa, 1974b               P1   
Waagenoconcha cf. abichi Zhu, 1983 P1-P2                 
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Waagenoconcha cf. cylindricus Zhu, 1983 P1-P2                 
Waagenoconcha cf. imperfecta Tazawa, 2001b                 P2 
Waagenoconcha cf. purdoni Zhang, 1990   P1-P2               
Waagenoconcha humboldti 
Ding et al., 1985; Tazawa, 
1974b; Tazawa and 
Shintani, 2010       
P1-
P2       P1   
Waagenoconcha imperfecta 
this thesis; Tazawa, 
1974b; 2002; Pavlova et 
al., 1991; Afanaseyeva et 
al., 2003; Manankov, 
1998a; 1999     P1-P2         P2   
Waagenoconcha irginae 
Ustritsky, 1963; Lee et al., 
1982; 1983 P1-P2       P2         
Waagenoconcha krystofovichi Licharew and Kotlyar, 1978             P2     
Waagenoconcha longispina Lee et al., 1982         P2         
Waagenoconcha noda-lineata Lee et al., 1983         P2         
Waagenoconcha permocarbonica 
this thesis; Ding et al., 
1985; Lee et al., 1982; 
1983; Tazawa, 2000b; 
2001b; 2007     P2 P2 P2       P2 
Waagenoconcha purdoni Zhu, 1983 P1-P2                 
Waagenoconcha sinuate Ding et al., 1985; Lee et al., 1982       P2 P2         Waagenoconcha subpermocarbonica Lee et al., 1983         P2         
682  
Waagenoconcha xiujimqinqiensis Lee et al., 1982; Lee et al., 1983         P2         
Wimanoconcha krishtofovichi Kotlyar et al., 2006             P2     
Wimanoconcha maliavkini Kotlyar et al., 2006             P2     
Wyndhamia tjuvaevi 
this thesis; Afanaseyeva 
et al., 2003; Manankov, 
1998a; 1998b; 1999     P2             
Yakovlevia aff. mammatiformis Ding et al., 1985       P2           
Yakovlevia borealis Liu and Waterhouse, 1985         P2         
Yakovlevia cf. mammata Zhang, 1990   P1-P2               
Yakovlevia cf. mammatiformis Zhang, 1990   P1-P2               
Yakovlevia cf. weyprechti Ustritsky, 1963 P1-P2                 
Yakovlevia convexus Liu and Waterhouse, 1985         P2         
Yakovlevia dzhiremulensis this thesis; Manankov, 1998a; 1999     P2             
Yakovlevia kaluzinensis 
this thesis; Licharew and 
Kotlyar, 1978; Tazawa, 
1999; 2000b; 2001b; 
2007; Manankov, 1998a; 
1999     P2       P2   P2 
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Yakovlevia mammata 
Zhu, 1983; Zhang, 1990; 
Liu and Waterhouse, 
1985; Lee et al., 1982; 
1983; Licharew and 
Kotlyar, 1978; Tazawa, 
1999; 2002 P1-P2 P1-P2     P2   P2 P2   
Yakovlevia mammatiformis 
this thesis; Ustritsky, 
1963; Li et al., 
unpublished; Lee et al., 
1982; 1983; Kotlyar et al., 
2006; Tazawa, 1999; 
Pavlova et al., 1991; 
Afanaseyeva et al., 2003; 
Manankov, 1998a; 1998b; 
1999 P1-P2   P1-P2   P2   P2 P2   
Yakovlevia plenusa Zhu, 1983; Zhang, 1990 P1-P2 P1-P2               
Yakovlevia sp. 
Zhu, 1983; Zhang, 1990; 
Ding et al., 1985; Liu and 
Waterhouse, 1985; Shi et 
al., unpublished; Tazawa, 
1987 P1-P2 P1-P2   P2 P2   P2 P2   
Yakovlevia spinosa Ding et al., 1985       P2           
Yakovlevia unsinuata Lee and Gu, 1976; Ding et al., 1985; Lee et al., 1982       P1-P2 P2         
Yakovlevia usualis Ding et al., 1985       P2            
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Appendix 2  Table list of all registered specimens from the Hovsugol section 
Brachiopod 
species 
Number 
of 
specimens 
Registered 
specimens 
Registration 
number 
Field 
collection 
bed 
Conjoined/Ventral/ 
Dorsal valves 
Alispiriferella lita 
(Fredericks, 1924a) 23 14 
NIGP Ali 01 HV 15 Conjoined 
NIGP Ali 02 HV 15 Conjoined 
NIGP Ali 03 HV 5 Ventral 
NIGP Ali 04 HV 5 Ventral 
NIGP Ali 05 HV 13 Ventral 
NIGP Ali 06 HV 15 Ventral 
NIGP Ali 07 HV 15 Ventral 
NIGP Ali 08 HV 5 Ventral 
NIGP Ali 09 HV 5 Ventral 
NIGP Ali 10 HV 15 Ventral 
NIGP Ali 11 HV 5 Ventral 
NIGP Ali 12 HV 5 Dorsal 
NIGP Ali 13 HV 5 Dorsal 
NIGP Ali 14 HV 5 Internal mould of dorsal 
Arctitreta kempei 
(Andersson in 
Wiman, 1914) 
10 5 
NIGP Ake 01 HV 5 Conjoined 
NIGP Ake 02 HV 5 Ventral 
NIGP Ake 03 HV 5 Ventral 
NIGP Ake 04 HV 5 Ventral 
NIGP Ake 05 HV 14 Dorsal 
Callaiapsida 
arctica (Holtedahl, 
1924) 
55 16 
NIGP Car 01 HV 5 Conjoined 
NIGP Car 02 HV 5 Conjoined 
NIGP Car 03 HV 5 Conjoined 
NIGP Car 04 HV 5 Conjoined 
NIGP Car 05 HV 5 Conjoined 
NIGP Car 06 HV 5 Conjoined 
NIGP Car 07 HV 5 Conjoined 
NIGP Car 08 HV 5 Conjoined 
NIGP Car 09 HV 5 Conjoined 
NIGP Car 10 HV 5 Conjoined 
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NIGP Car 11 HV 5 Ventral 
NIGP Car 12 HV 5 Ventral 
NIGP Car 13 HV 5 Ventral 
NIGP Car 14 HV 5 Ventral 
NIGP Car 15 HV 5 Internal mould of ventral 
NIGP Car 16 HV 5 External mould of ventral 
Callaiapsida sp. 17 10 
NIGP Csp 01 HV 5 Conjoined 
NIGP Csp 02 HV 5 Conjoined 
NIGP Csp 03 HV 5 Conjoined 
NIGP Csp 04 HV 5 Conjoined 
NIGP Csp 05 HV 5 Conjoined 
NIGP Csp 06 HV 5 Ventral 
NIGP Csp 07 HV 5 Ventral 
NIGP Csp 08 HV 5 Ventral 
NIGP Csp 09 HV 5 Internal mould of ventral 
NIGP Csp 10 HV 5 Internal mould of ventral 
Camerisma 
lazarevi Pavlova in 
Pavlova et al., 1991 
16 5 
NIGP Cla 01 HV 5 Conjoined 
NIGP Cla 02 HV 9 Conjoined 
NIGP Cla 03 HV 5 Conjoined 
NIGP Cla 04 HV 5 Ventral 
NIGP Cla 05 HV 5 Ventral 
Cancrinella 
cancriniformis 
(Tschernyschew, 
1889) 
38 31 
NIGP 154340 HV 7 Conjoined 
NIGP 154341 HV 5 Ventral 
NIGP 154342 HV 5 Ventral 
NIGP 154343 HV 7 Ventral 
NIGP 154344 HV 7 Ventral 
NIGP 154345 HV 7 Internal mould of ventral 
NIGP 154346 HV 5 Internal mould of ventral 
NIGP 154347 HV 8 Internal mould of 
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ventral 
NIGP 154348 HV 8 Internal mould of ventral 
NIGP 154349 HV 5 Internal mould of ventral 
NIGP 154350 HV 5 Internal mould of ventral 
NIGP 154351 HV 14 Dorsal 
NIGP 154352 HV 14 Dorsal 
NIGP 154353 HV 5 Dorsal 
NIGP 154354 HV 14 External mould of dorsal 
NIGP 154355 HV 5 External mould of dorsal 
NIGP 154356 HV 7 External mould of dorsal 
NIGP 154357 HV 7 External mould of dorsal 
NIGP 154358 HV 14 External mould of dorsal 
NIGP 154359 HV 5 External mould of dorsal 
NIGP 154360 HV 7 External mould of dorsal 
NIGP 154361 HV 14 External mould of dorsal 
NIGP 154362 HV 14 External mould of dorsal 
NIGP 154363 HV 5 External mould of dorsal 
NIGP 154364 HV 14 External mould of dorsal 
NIGP 154365 HV 15 External mould of dorsal 
NIGP 154366 HV 14 External mould of dorsal 
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NIGP 154367 HV 7 External mould of dorsal 
NIGP 154368 HV 5 External mould of dorsal 
NIGP 154369 HV 5 External mould of dorsal 
NIGP 154370 HV 5 External mould of dorsal 
Cancrinella 
koninckiana 
(Verneuil, 1845) 
86 37 
NIGP 154390 HV 14 Ventral 
NIGP 154391 HV 14 Ventral 
NIGP 154392 HV 14 Ventral 
NIGP 154393 HV 14 Ventral 
NIGP 154394 HV 14 Internal mould of ventral 
NIGP 154395 HV 14 Internal mould of ventral 
NIGP 154396 HV 5 Internal mould of ventral 
NIGP 154397 HV 14 Internal mould of ventral 
NIGP 154398 HV 14 Internal mould of ventral 
NIGP 154399 HV 9 Internal mould of ventral 
NIGP 154400 HV 6 Internal mould of ventral 
NIGP 154401 HV 14 Internal mould of ventral 
NIGP 154402 HV 14 Internal mould of ventral 
NIGP 154403 HV 14 Internal mould of ventral 
NIGP 154404 HV 14 Internal mould of ventral 
NIGP 154405 HV 14 Internal mould of ventral 
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NIGP 154406 HV 14 Internal mould of ventral 
NIGP 154407 HV 14 Internal mould of ventral 
NIGP 154408 HV 14 Internal mould of ventral 
NIGP 154409 HV 14 Internal mould of ventral 
NIGP 154410 HV 14 Internal mould of ventral 
NIGP 154411 HV 14 Internal mould of ventral 
NIGP 154412 HV 14 Internal mould of ventral 
NIGP 154413 HV 14 Internal mould of ventral 
NIGP 154414 HV 14 Internal mould of ventral 
NIGP 154415 HV 14 Internal mould of ventral 
NIGP 154416 HV 14 Internal mould of ventral 
NIGP 154417 HV 14 Internal mould of ventral 
NIGP 154418 HV 14 Internal mould of ventral 
NIGP 154419 HV 14 Internal mould of ventral 
NIGP 154420 HV 14 Internal mould of ventral 
NIGP 154421 HV 14 Internal mould of ventral 
NIGP 154422 HV 5 External mould of dorsal 
NIGP 154423 HV 14 External mould of dorsal 
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NIGP 154424 HV 5 External mould of dorsal 
NIGP 154425 HV 7 External mould of dorsal 
NIGP 154426 HV 14 External mould of dorsal 
Cancrinella 
pseudotruncata 
Ustritsky, 1960a 
47 19 
NIGP 154371 HV 7 Conjoined 
NIGP 154372 HV 14 Conjoined 
NIGP 154373 HV 14 Ventral 
NIGP 154374 HV 7 Ventral 
NIGP 154375 HV 14 Ventral 
NIGP 154376 HV 14 Ventral 
NIGP 154377 HV 5 Internal mould of ventral 
NIGP 154378 HV 14 Internal mould of ventral 
NIGP 154379 HV 14 Internal mould of ventral 
NIGP 154380 HV 5 Internal mould of ventral 
NIGP 154381 HV 14 Internal mould of ventral 
NIGP 154382 HV 14 Internal mould of ventral 
NIGP 154383 HV 14 Internal mould of ventral 
NIGP 154384 HV 14 Internal mould of ventral 
NIGP 154385 HV 14 Internal mould of ventral 
NIGP 154386 HV 14 Dorsal 
NIGP 154387 HV 7 External mould of dorsal 
NIGP 154388 HV 14 External mould of dorsal 
NIGP 154389 HV 5 External mould of 
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dorsal 
Cleiothyridina 
bajkurica 
(Tschernjak, 1963) 
>100 25 
NIGP Cba 01 HV 13 Conjoined 
NIGP Cba 02 HV 5 Conjoined 
NIGP Cba 03 HV 5 Conjoined 
NIGP Cba 04 HV 14 Internal mould of ventral 
NIGP Cba 05 HV 5 Internal mould of ventral 
NIGP Cba 06 HV 14 Internal mould of ventral 
NIGP Cba 07 HV 14 Internal mould of ventral 
NIGP Cba 08 HV 14 Internal mould of ventral 
NIGP Cba 09 HV 14 Internal mould of ventral 
NIGP Cba 10 HV 14 Internal mould of ventral 
NIGP Cba 11 HV 5 Internal mould of ventral 
NIGP Cba 12 HV 5 Internal mould of ventral 
NIGP Cba 13 HV 13 Internal mould of ventral 
NIGP Cba 14 HV 5 External mould of ventral 
NIGP Cba 15 HV 5 Internal mould of dorsal 
NIGP Cba 16 HV 5 Internal mould of dorsal 
NIGP Cba 17 HV 14 Internal mould of dorsal 
NIGP Cba 18 HV 5 Internal mould of dorsal 
NIGP Cba 19 HV 14 Internal mould of dorsal 
NIGP Cba 20 HV 14 Internal mould of dorsal 
NIGP Cba 21 HV 14 Internal mould of dorsal 
NIGP Cba 22 HV 14 Internal mould of dorsal 
NIGP Cba 23 HV 14 Internal mould of dorsal 
NIGP Cba 24 HV 14 Internal mould of dorsal 
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NIGP Cba 25 HV 5 Internal mould of dorsal 
Cleiothyridina sp. 21 3 
NIGP Csp 01 HV 14 Internal mould of ventral 
NIGP Csp 02 HV 5 Internal mould of ventral 
NIGP Csp 03 HV 14 Internal mould of ventral 
Dyoros (Dyoros) 
borealis 
Afanasjeva, 2006 
9 9 
NIGP DDb 
01 HV 5 
Internal mould of 
ventral 
NIGP DDb 
02 HV 5 
Internal mould of 
ventral 
NIGP DDb 
03 HV 5 
Internal mould of 
ventral 
NIGP DDb 
04 HV 5 
Internal mould of 
ventral 
NIGP DDb 
05 HV 5 Ventral 
NIGP DDb 
06 HV 5 Ventral 
NIGP DDb 
07 HV 5 Ventral 
NIGP DDb 
08 HV 5 Ventral 
NIGP DDb 
09 HV 6 Ventral 
Dyoros (Dyoros) 
cf. 
pseudotrapezoidalis 
(Miloradovich, 
1947) 
4 4 
NIGP DDp 
01 HV 5 Ventral 
NIGP DDp 
02 HV 5 
Internal mould of 
ventral 
NIGP DDp 
03 HV 6 
Internal mould of 
ventral 
NIGP DDp 
04 HV 5 Ventral 
Dyoros (Dyoros) 
extensiformis 3 3 
NIGP DDe 01 HV 5 Dorsal 
NIGP DDe 02 HV 5 Internal mould of dorsal 
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Cooper and Grant, 
1975 NIGP DDe 03 HV 5 
External mould of 
dorsal 
Dyoros (Dyoros) 
grandis Afanasjeva, 
1977 
17 16 
NIGP DDg 
01 HV 5 
Internal mould of 
ventral 
NIGP DDg 
02 HV 6 Ventral 
NIGP DDg 
03 HV 5 Ventral 
NIGP DDg 
04 HV 6 
Internal mould of 
ventral 
NIGP DDg 
05 HV 9 
Internal mould of 
ventral 
NIGP DDg 
06 HV 5 
Internal mould of 
ventral 
NIGP DDg 
07 HV 6 
Internal mould of 
ventral 
NIGP DDg 
08 HV 9 
Internal mould of 
ventral 
NIGP DDg 
09 HV 5 
Internal mould of 
ventral 
NIGP DDg 
10 HV 5 
Internal mould of 
ventral 
NIGP DDg 
11 HV 5 
Internal mould of 
ventral 
NIGP DDg 
12 HV 6 
Internal mould of 
ventral 
NIGP DDg 
13 HV 6 
Internal mould of 
ventral 
NIGP DDg 
14 HV 5 
External mould of 
dorsal 
NIGP DDg 
15 HV 6 
Internal mould of 
ventral 
NIGP DDg 
16 HV 6 Dorsal 
Dyoros (Dyoros) 
magniconvexus 18 16 
NIGP DDm 
01 HV 5 
Internal mould of 
ventral 
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new species NIGP DDm 
02 HV 5 
Internal mould of 
ventral 
NIGP DDm 
03 HV 5 
Internal mould of 
ventral 
NIGP DDm 
04 HV 5 Conjoined 
NIGP DDm 
05 HV 5 
Internal mould of 
ventral 
NIGP DDm 
06 HV 5 
External mould of 
dorsal 
NIGP DDm 
07 HV 5 
Internal mould of 
ventral 
NIGP DDm 
08 HV 5 
External mould of 
dorsal 
NIGP DDm 
09 HV 5 
External mould of 
dorsal 
NIGP DDm 
10 HV 5 
Internal mould of 
ventral 
NIGP DDm 
11 HV 5 
External mould of 
ventral 
NIGP DDm 
12 HV 14 
External mould of 
ventral 
NIGP DDm 
13 HV 6 Ventral 
NIGP DDm 
14 HV 6 Ventral 
NIGP DDm 
15 HV 8 Ventral 
NIGP DDm 
16 HV 14 
External mould of 
dorsal 
Dyoros (Dyoros) 
semicircularis 
Afanasjeva, 1991 
37 37 
NIGP DDs 01 HV 5 Internal mould of ventral 
NIGP DDs 02 HV 6 Internal mould of ventral 
NIGP DDs 03 HV 6 External mould of dorsal 
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NIGP DDs 04 HV 13 Internal mould of ventral 
NIGP DDs 05 HV 6 Internal mould of ventral 
NIGP DDs 06 HV 5 Internal mould of ventral 
NIGP DDs 07 HV 5 Internal mould of ventral 
NIGP DDs 08 HV 6 Internal mould of ventral 
NIGP DDs 09 HV 5 Internal mould of ventral 
NIGP DDs 10 HV 5 Internal mould of ventral 
NIGP DDs 11 HV 5 Internal mould of ventral 
NIGP DDs 12 HV 6 Internal mould of ventral 
NIGP DDs 13 HV 5 Internal mould of ventral 
NIGP DDs 14 HV 5 Internal mould of ventral 
NIGP DDs 15 HV 6 Internal mould of ventral 
NIGP DDs 16 HV 5 Internal mould of ventral 
NIGP DDs 17 HV 5 Internal mould of ventral 
NIGP DDs 18 HV 5 Internal mould of ventral 
NIGP DDs 19 HV 5 Conjoined 
NIGP DDs 20 HV 6 External mould of ventral 
NIGP DDs 21 HV 5 External mould of ventral 
NIGP DDs 22 HV 5 External mould of 
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ventral 
NIGP DDs 23 HV 5 Conjoined 
NIGP DDs 24 HV 5 Internal mould of ventral 
NIGP DDs 25 HV 5 Internal mould of ventral 
NIGP DDs 26 HV 5 Internal mould of ventral 
NIGP DDs 27 HV 6 Internal mould of ventral 
NIGP DDs 28 HV 5 Internal mould of ventral 
NIGP DDs 29 HV 5 Internal mould of ventral 
NIGP DDs 30 HV 8 Internal mould of ventral 
NIGP DDs 31 HV 6 Ventral 
NIGP DDs 32 HV 8 Ventral 
NIGP DDs 33 HV 6 Internal mould of dorsal 
NIGP DDs 34 HV 6 Internal mould of dorsal 
NIGP DDs 35 HV 5 External mould of dorsal 
NIGP DDs 36 HV 6 External mould of dorsal 
NIGP DDs 37 HV 6 External mould of dorsal 
Dyoros (Lissosia) 
planiminisculus 
new species 
12 12 
NIGP DLp 01 HV 9 Ventral 
NIGP DLp 02 HV 6 Ventral 
NIGP DLp 03 HV 9 Ventral 
NIGP DLp 04 HV 9 Internal mould of dorsal 
NIGP DLp 05 HV 5 Ventral 
NIGP DLp 06 HV 5 Dorsal 
NIGP DLp 07 HV 6 Ventral 
NIGP DLp 08 HV 6 Ventral 
NIGP DLp 09 HV 13 Ventral 
NIGP DLp 10 HV 5 Ventral 
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NIGP DLp 11 HV 5 Ventral 
NIGP DLp 12 HV 5 External mould of ventral 
Heteralosia 
alexandrae Pavlova 
in Pavlova et al., 
1991 
88 23 
NIGP Hal 01 HV 5 Conjoined 
NIGP Hal 02 HV 5 Conjoined 
NIGP Hal 03 HV 5 Internal mould of ventral 
NIGP Hal 04 HV 5 Internal mould of ventral 
NIGP Hal 05 HV 5 Internal mould of dorsal 
NIGP Hal 06 HV 5 External mould of dorsal 
NIGP Hal 07 HV 5 External mould of dorsal 
NIGP Hal 08 HV 5 External mould of dorsal 
NIGP Hal 09 HV 5 External mould of dorsal 
NIGP Hal 10 HV 5 External mould of dorsal 
NIGP Hal 11 HV 5 External mould of dorsal 
NIGP Hal 12 HV 5 External mould of dorsal 
NIGP Hal 13 HV 5 External mould of dorsal 
NIGP Hal 14 HV 5 External mould of dorsal 
NIGP Hal 15 HV 5 External mould of dorsal 
NIGP Hal 16 HV 5 External mould of dorsal 
NIGP Hal 17 HV 5 External mould of dorsal 
NIGP Hal 18 HV 5 External mould of dorsal 
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NIGP Hal 19 HV 5 External mould of dorsal 
NIGP Hal 20 HV 5 External mould of dorsal 
NIGP Hal 21 HV 5 External mould of dorsal 
NIGP Hal 22 HV 5 External mould of dorsal 
NIGP Hal 23 HV 5 External mould of dorsal 
Ingelarella 
atlanicha (Kotljar, 
1978) 
18 13 
NIGP Iat 01 HV 15 Conjoined 
NIGP Iat 02 HV 15 Conjoined 
NIGP Iat 03 HV 15 Conjoined 
NIGP Iat 04 HV 15 Conjoined 
NIGP Iat 05 HV 15 Conjoined 
NIGP Iat 06 HV 15 Conjoined 
NIGP Iat 07 HV 15 Conjoined 
NIGP Iat 08 HV 15 Conjoined 
NIGP Iat 09 HV 15 Conjoined 
NIGP Iat 10 HV 15 Conjoined 
NIGP Iat 11 HV 15 Conjoined 
NIGP Iat 12 HV 15 Conjoined 
NIGP Iat 13 HV 15 Dorsal 
Ingelarella plana 
Campbell, 1960 3 3 
NIGP Ipl 01 HV 5 Ventral 
NIGP Ipl 02 HV 9 Ventral 
NIGP Ipl 03 HV 4 Internal mould of ventral 
Jilinmartinia 
hovsugolensis new 
species 
2 2 
NIGP Jho 01 HV 7 Conjoined 
NIGP Jho 02 HV 7 Conjoined 
Jilinmartinia 
medius new species 3 3 
NIGP Jme 01 HV 15 Conjoined 
NIGP Jme 02 HV 5 Conjoined 
NIGP Jme 03 HV 14 Internal mould of ventral 
Linoproductus 
lutkewitschi 37 17 
NIGP Ll 01 HV 5 Ventral 
NIGP Ll 02 HV 5 Ventral 
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Stepanov, 1936 NIGP Ll 03 HV 5 Ventral 
NIGP Ll 04 HV 5 Ventral 
NIGP Ll 05 HV 8 Ventral 
NIGP Ll 06 HV 8 Ventral 
NIGP Ll 07 HV 8 Internal mould of ventral 
NIGP Ll 08 HV 5 Internal mould of ventral 
NIGP Ll 09 HV 8 Ventral 
NIGP Ll 10 HV 13 Ventral 
NIGP Ll 11 HV 8 External mould of dorsal 
NIGP Ll 12 HV 8 Ventral 
NIGP Ll 13 HV 8 Ventral 
NIGP Ll 14 HV 5 Ventral 
NIGP Ll 15 HV 5 Internal mould of ventral 
NIGP Ll 16 HV 8 Ventral 
NIGP Ll 17 HV 8 Ventral 
Linoproductus 
planiconvexus new 
species 
9 9 
NIGP Lp 01 HV 13 Ventral 
NIGP Lp 02 HV 5 Ventral 
NIGP Lp 03 HV 13 Ventral 
NIGP Lp 04 HV 13 Ventral 
NIGP Lp 05 HV 5 Ventral 
NIGP Lp 06 HV 5 Ventral 
NIGP Lp 07 HV 13 Ventral 
NIGP Lp 08 HV 13 Ventral 
NIGP Lp 09 HV 13 Internal mould of ventral 
Linoproductus sp.1 3 3 
NIGP Lsp.1 
01 HV 5 Ventral 
NIGP Lsp.1 
02 HV 8 Ventral 
NIGP Lsp.1 
03 HV 5 Ventral 
Linoproductus sp.2 4 4 NIGP Lsp.2 HV 5 Ventral 
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01 
NIGP Lsp.2 
02 HV 7 Ventral 
NIGP Lsp.2 
03 HV 5 Ventral 
NIGP Lsp.2 
04 HV 5 
Internal mould of 
ventral 
Magniplicatina 
khubsugulensis 
(Lazarev, 1991) 
48 21 
NIGP Mgk 01 HV 5 Conjoined 
NIGP Mgk 02 HV 14 Conjoined 
NIGP Mgk 03 HV 7 Ventral 
NIGP Mgk 04 HV 7 Ventral 
NIGP Mgk 05 HV 14 Ventral 
NIGP Mgk 06 HV 8 Ventral 
NIGP Mgk 07 HV 7 Ventral 
NIGP Mgk 08 HV 5 Ventral 
NIGP Mgk 09 HV 5 Ventral 
NIGP Mgk 10 HV 5 Ventral 
NIGP Mgk 11 HV 8 Ventral 
NIGP Mgk 12 HV 5 Ventral 
NIGP Mgk 13 HV 14 Internal mould of ventral 
NIGP Mgk 14 HV 14 Internal mould of ventral 
NIGP Mgk 15 HV 8 Internal mould of ventral 
NIGP Mgk 16 HV 5 Internal mould of ventral 
NIGP Mgk 17 HV 5 External mould of ventral 
NIGP Mgk 18 HV 5 External mould of dorsal 
NIGP Mgk 19 HV 7 External mould of dorsal 
NIGP Mgk 20 HV 14 External mould of dorsal 
NIGP Mgk 21 HV 5 External mould of 
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dorsal 
Magniplicatina sp. 2 2 
NIGP Mgs 01 HV 5 Ventral 
NIGP Mgs 02 HV 5 External mould of dorsal 
Magniplicatina 
transversa Briggs, 
1998 
39 16 
NIGP Mgt 01 HV 5 Ventral 
NIGP Mgt 02 HV 5 Ventral 
NIGP Mgt 03 HV 5 Ventral 
NIGP Mgt 04 HV 13 Ventral 
NIGP Mgt 05 HV 5 Ventral 
NIGP Mgt 06 HV 5 Ventral 
NIGP Mgt 07 HV 5 Ventral 
NIGP Mgt 08 HV 5 Internal mould of ventral 
NIGP Mgt 09 HV 5 External mould of dorsal 
NIGP Mgt 10 HV 14 External mould of dorsal 
NIGP Mgt 11 HV 5 External mould of dorsal 
NIGP Mgt 12 HV 5 External mould of dorsal 
NIGP Mgt 13 HV 5 External mould of dorsal 
NIGP Mgt 14 HV 5 External mould of dorsal 
NIGP Mgt 15 HV 13 External mould of dorsal 
NIGP Mgt 16 HV 5 External mould of dorsal 
Magniplicatina 
undulata 
Waterhouse, 1986a 
19 14 
NIGP Mgu 01 HV 7 Ventral 
NIGP Mgu 02 HV 14 Ventral 
NIGP Mgu 03 HV 5 Ventral 
NIGP Mgu 04 HV 14 Ventral 
NIGP Mgu 05 HV 14 Ventral 
NIGP Mgu 06 HV 5 Ventral 
NIGP Mgu 07 HV 14 Internal mould of 
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ventral 
NIGP Mgu 08 HV 14 Internal mould of ventral 
NIGP Mgu 09 HV 5 Internal mould of ventral 
NIGP Mgu 10 HV 14 Internal mould of ventral 
NIGP Mgu 11 HV 14 External mould of ventral 
NIGP Mgu 12 HV 14 External mould of dorsal 
NIGP Mgu 13 HV 14 External mould of dorsal 
NIGP Mgu 14 HV 14 External mould of dorsal 
Megousia aagardi 
(Toula, 1875) >100 23 
NIGP Mea 01 HV 7 Ventral 
NIGP Mea 02 HV 5 Ventral 
NIGP Mea 03 HV 14 Ventral 
NIGP Mea 04 HV 5 Ventral 
NIGP Mea 05 HV 14 Ventral 
NIGP Mea 06 HV 13 Ventral 
NIGP Mea 07 HV 13 Ventral 
NIGP Mea 08 HV 15 Ventral 
NIGP Mea 09 HV 7 Ventral 
NIGP Mea 10 HV 7 Ventral 
NIGP Mea 11 HV 7 Ventral 
NIGP Mea 12 HV 13 Ventral 
NIGP Mea 13 HV 5 Ventral 
NIGP Mea 14 HV 9 Internal mould of ventral 
NIGP Mea 15 HV 5 Internal mould of ventral 
NIGP Mea 16 HV 14 Internal mould of ventral 
NIGP Mea 17 HV 9 Internal mould of ventral 
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NIGP Mea 18 HV 14 Internal mould of ventral 
NIGP Mea 19 HV 7 Dorsal 
NIGP Mea 20 HV 14 External mould of dorsal 
NIGP Mea 21 HV 5 External mould of dorsal 
NIGP Mea 22 HV 5 External mould of dorsal 
NIGP Mea 23 HV 5 External mould of dorsal 
Neospirifer 
koargychanensis 
Zavodowsky in 
Zavodowsky and 
Stepanov, 1971 
37 5 
NIGP Nko 01 HV 13 Conjoined 
NIGP Nko 02 HV 5 Conjoined 
NIGP Nko 03 HV 6 Ventral 
NIGP Nko 04 HV 14 Dorsal 
NIGP Nko 05 HV 5 Dorsal 
Neospirifer sp. 1 1 NIGP Nsp 01 HV 13 Ventral 
Orthotetes jugorica 
Ustritsky, 1960b 9 7 
NIGP Oju 01 HV 5 Conjoined 
NIGP Oju 02 HV 5 Conjoined 
NIGP Oju 03 HV 14 Ventral 
NIGP Oju 04 HV 14 Dorsal 
NIGP Oju 05 HV 5 Dorsal 
NIGP Oju 06 HV 14 Dorsal 
NIGP Oju 07 HV 14 External mould of dorsal 
Paeckelmanella 
expansa 
(Tschernyschew, 
1902) 
14 7 
NIGP Pex 01 HV 5 Ventral 
NIGP Pex 02 HV 14 Ventral 
NIGP Pex 03 HV 5 Ventral 
NIGP Pex 04 HV 5 External mould of ventral 
NIGP Pex 05 HV 14 Dorsal 
NIGP Pex 06 HV 5 Dorsal 
NIGP Pex 07 HV 5 Dorsal 
Paeckelmanella 
latissima Pavlova 18 8 
NIGP Pla 01 HV 9 Ventral 
NIGP Pla 02 HV 5 Ventral 
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in Pavlova et al., 
1991 
NIGP Pla 03 HV 14 Ventral 
NIGP Pla 04 HV 6 Ventral 
NIGP Pla 05 HV 9 Dorsal 
NIGP Pla 06 HV 14 Dorsal 
NIGP Pla 07 HV 14 Dorsal 
NIGP Pla 08 HV 14 Dorsal 
Paramarginifera 
convexa new 
species 
27 27 
NIGP Pc 01 HV 5 Ventral 
NIGP Pc 02 HV 5 Ventral 
NIGP Pc 03 HV 7 External mould of dorsal 
NIGP Pc 04 HV 7 External mould of dorsal 
NIGP Pc 05 HV 5 Ventral 
NIGP Pc 06 HV 5 Ventral 
NIGP Pc 07 HV 5 Ventral 
NIGP Pc 08 HV 14 Ventral 
NIGP Pc 09 HV 7 External mould of dorsal 
NIGP Pc 10 HV 5 Ventral 
NIGP Pc 11 HV 7 Ventral 
NIGP Pc 12 HV 5 Ventral 
NIGP Pc 13 HV 5 Ventral 
NIGP Pc 14 HV 14 Dorsal 
NIGP Pc 15 HV 14 Ventral 
NIGP Pc 16 HV 5 Ventral 
NIGP Pc 17 HV 5 Ventral 
NIGP Pc 18 HV 14 Ventral 
NIGP Pc 19 HV 7 External mould of dorsal 
NIGP Pc 20 HV 5 Ventral 
NIGP Pc 21 HV 5 External mould of dorsal 
NIGP Pc 22 HV 5 Ventral 
NIGP Pc 23 HV 7 External mould of dorsal 
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NIGP Pc 24 HV 7 External mould of dorsal 
NIGP Pc 25 HV 5 Ventral 
NIGP Pc 26 HV 7 External mould of dorsal 
NIGP Pc 27 HV 5 Ventral 
Paramarginifera 
nativa Manankov, 
1991 
>100 42 
NIGP Pa 01 HV 5 Ventral 
NIGP Pa 02 HV 5 Ventral 
NIGP Pa 03 HV 5 Ventral 
NIGP Pa 04 HV 5 External mould of dorsal 
NIGP Pa 05 HV 7 Ventral 
NIGP Pa 06 HV 7 Ventral 
NIGP Pa 07 HV 5 Ventral 
NIGP Pa 08 HV 5 Ventral 
NIGP Pa 09 HV 5 Ventral 
NIGP Pa 10 HV 5 External mould of dorsal 
NIGP Pa 11 HV 14 External mould of dorsal 
NIGP Pa 12 HV 14 External mould of dorsal 
NIGP Pa 13 HV 5 Ventral 
NIGP Pa 14 HV 5 Ventral 
NIGP Pa 15 HV 6 Ventral 
NIGP Pa 16 HV 7 Ventral 
NIGP Pa 17 HV 14 Ventral 
NIGP Pa 18 HV 5 Ventral 
NIGP Pa 19 HV 5 Ventral 
NIGP Pa 20 HV 14 External mould of dorsal 
NIGP Pa 21 HV 5 Ventral 
NIGP Pa 22 HV 5 Ventral 
NIGP Pa 23 HV 5 Ventral 
NIGP Pa 24 HV 5 Ventral 
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NIGP Pa 25 HV 8 Ventral 
NIGP Pa 26 HV 5 Ventral 
NIGP Pa 27 HV 14 Ventral 
NIGP Pa 28 HV 8 Ventral 
NIGP Pa 29 HV 14 External mould of dorsal 
NIGP Pa 30 HV 5 Ventral 
NIGP Pa 31 HV 14 Ventral 
NIGP Pa 32 HV 14 Ventral 
NIGP Pa 33 HV 14 External mould of dorsal 
NIGP Pa 34 HV 14 Ventral 
NIGP Pa 35 HV 7 Conjoined 
NIGP Pa 36 HV 14 Ventral 
NIGP Pa 37 HV 5 Ventral 
NIGP Pa 38 HV 7 Ventral 
NIGP Pa 39 HV 5 Ventral 
NIGP Pa 40 HV 7 External mould of dorsal 
NIGP Pa 41 HV 14 External mould of dorsal 
NIGP Pa 42 HV 14 External mould of dorsal 
Paramarginifera 
pentagona new 
species 
25 25 
NIGP Pp 01 HV 7 Ventral 
NIGP Pp 02 HV 7 Ventral 
NIGP Pp 03 HV 7 External mould of dorsal 
NIGP Pp 04 HV 5 Ventral 
NIGP Pp 05 HV 5 External mould of dorsal 
NIGP Pp 06 HV 5 Ventral 
NIGP Pp 07 HV 7 Ventral 
NIGP Pp 08 HV 5 Ventral 
NIGP Pp 09 HV 5 Ventral 
NIGP Pp 10 HV 7 Ventral 
706  
NIGP Pp 11 HV 14 Ventral 
NIGP Pp 12 HV 7 Ventral 
NIGP Pp 13 HV 7 Ventral 
NIGP Pp 14 HV 7 Ventral 
NIGP Pp 15 HV 5 Ventral 
NIGP Pp 16 HV 7 Ventral 
NIGP Pp 17 HV 8 Ventral 
NIGP Pp 18 HV 8 Ventral 
NIGP Pp 19 HV 8 Ventral 
NIGP Pp 20 HV 8 Ventral 
NIGP Pp 21 HV 8 Ventral 
NIGP Pp 22 HV 8 Ventral 
NIGP Pp 23 HV 7 Ventral 
NIGP Pp 24 HV 8 Ventral 
NIGP Pp 25 HV 5 Ventral 
Paramarginifera 
sulcata new species 23 23 
NIGP Ps 01 HV 14 Ventral 
NIGP Ps 02 HV 14 Ventral 
NIGP Ps 03 HV 14 External mould of dorsal 
NIGP Ps 04 HV 14 Internal mould of ventral 
NIGP Ps 05 HV 5 Ventral 
NIGP Ps 06 HV 14 External mould of dorsal 
NIGP Ps 07 HV 14 External mould of dorsal 
NIGP Ps 08 HV 5 Internal mould of ventral 
NIGP Ps 09 HV 14 Internal mould of ventral 
NIGP Ps 10 HV 14 Ventral 
NIGP Ps 11 HV 8 Ventral 
NIGP Ps 12 HV 8 Ventral 
NIGP Ps 13 HV 7 Ventral 
NIGP Ps 14 HV 5 Internal mould of 
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ventral 
NIGP Ps 15 HV 5 Ventral 
NIGP Ps 16 HV 5 Ventral 
NIGP Ps 17 HV 5 Ventral 
NIGP Ps 18 HV 5 Ventral 
NIGP Ps 19 HV 5 Ventral 
NIGP Ps 20 HV 8 External mould of dorsal 
NIGP Ps 21 HV 7 Ventral 
NIGP Ps 22 HV 5 Ventral 
NIGP Ps 23 HV 14 Internal mould of ventral 
Phricodothyris sp. 42 8 
NIGP Psp 01 HV 14 Internal mould of ventral 
NIGP Psp 02 HV 14 Internal mould of ventral 
NIGP Psp 03 HV 14 Internal mould of ventral 
NIGP Psp 04 HV 14 Internal mould of ventral 
NIGP Psp 05 HV 14 Internal mould of ventral 
NIGP Psp 06 HV 14 Internal mould of ventral 
NIGP Psp 07 HV 14 Internal mould of dorsal 
NIGP Psp 08 HV 14 Internal mould of dorsal 
Phricodothyris 
suborbicularis 
(Reed, 1944) 
54 18 
NIGP Psu 01 HV 7 Conjoined 
NIGP Psu 02 HV 14 Internal mould of ventral 
NIGP Psu 03 HV 14 Internal mould of ventral 
NIGP Psu 04 HV 14 Internal mould of ventral 
NIGP Psu 05 HV 14 Internal mould of ventral 
NIGP Psu 06 HV 14 Internal mould of 
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ventral 
NIGP Psu 07 HV 14 Internal mould of ventral 
NIGP Psu 08 HV 14 Internal mould of ventral 
NIGP Psu 09 HV 14 Internal mould of ventral 
NIGP Psu 10 HV 14 Internal mould of ventral 
NIGP Psu 11 HV 5 Internal mould of ventral 
NIGP Psu 12 HV 14 Internal mould of dorsal 
NIGP Psu 13 HV 14 Internal mould of dorsal 
NIGP Psu 14 HV 14 Internal mould of dorsal 
NIGP Psu 15 HV 14 Internal mould of dorsal 
NIGP Psu 16 HV 14 Internal mould of dorsal 
NIGP Psu 17 HV 14 Internal mould of dorsal 
NIGP Psu 18 HV 14 Internal mould of dorsal 
Primorewia 
reshetnikov 
Licharew and 
Kotljar, 1978 
26 10 
NIGP Pre 01 HV 9 Ventral 
NIGP Pre 02 HV 6 Ventral 
NIGP Pre 03 HV 9 Dorsal 
NIGP Pre 04 HV 9 Dorsal 
NIGP Pre 05 HV 5 Dorsal 
NIGP Pre 06 HV 9 Dorsal 
NIGP Pre 07 HV 5 Dorsal 
NIGP Pre 08 HV 5 Dorsal 
NIGP Pre 09 HV 14 Dorsal 
NIGP Pre 10 HV 5 External mould of dorsal 
Rhynchopora 
nikitini 
Tschernyschew, 
1885 
45 11 
NIGP Rni 01 HV 15 Ventral 
NIGP Rni 02 HV 14 Ventral 
NIGP Rni 03 HV 14 External mould of ventral 
NIGP Rni 04 HV 14 Dorsal 
NIGP Rni 05 HV 14 Dorsal 
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NIGP Rni 06 HV 14 Dorsal 
NIGP Rni 07 HV 14 Dorsal 
NIGP Rni 08 HV 14 Dorsal 
NIGP Rni 09 HV 14 Dorsal 
NIGP Rni 10 HV 13 Dorsal 
NIGP Rni 11 HV 15 Dorsal 
Rhynoleichus 
delenjaensis 
Abramov and 
Grigorjeva, 1983 
3 3 
NIGP Rde 01 HV 15 Conjoined 
NIGP Rde 02 HV 7 Conjoined 
NIGP Rde 03 HV 5 Conjoined 
Spirelytha 
fredericksi 
Archbold and 
Thomas, 1984 
2 2 
NIGP Sfr 01 HV 5 Conjoined 
NIGP Sfr 02 HV 5 Conjoined 
Spiriferella 
keilhavii (von 
Buch, 1846) 
30 15 
NIGP Sk 01 HV 5 Conjoined 
NIGP Sk 02 HV 5 Ventral 
NIGP Sk 03 HV 5 Ventral 
NIGP Sk 04 HV 8 Ventral 
NIGP Sk 05 HV 5 Ventral 
NIGP Sk 06 HV 5 Ventral 
NIGP Sk 07 HV 8 Ventral 
NIGP Sk 08 HV 5 Ventral 
NIGP Sk 09 HV 5 Ventral 
NIGP Sk 10 HV 5 Ventral 
NIGP Sk 11 HV 5 Ventral 
NIGP Sk 12 HV 13 Ventral 
NIGP Sk 13 HV 5 Ventral 
NIGP Sk 14 HV 5 Internal mould of dorsal 
NIGP Sk 15 HV 5 Internal mould of ventral 
Spiriferella 
keilhaviiformis 
Fredericks, 1916 
>100 24 
NIGP Ske 01 HV 5 Conjoined 
NIGP Ske 02 HV 5 Conjoined 
NIGP Ske 03 HV 5 Ventral 
NIGP Ske 04 HV 5 Ventral 
NIGP Ske 05 HV 5 Ventral 
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NIGP Ske 06 HV 5 Ventral 
NIGP Ske 07 HV 5 Ventral 
NIGP Ske 08 HV 6 Ventral 
NIGP Ske 09 HV 5 Ventral 
NIGP Ske 10 HV 5 Ventral 
NIGP Ske 11 HV 8 Ventral 
NIGP Ske 12 HV 5 Ventral 
NIGP Ske 13 HV 5 Ventral 
NIGP Ske 14 HV 15 Ventral 
NIGP Ske 15 HV 5 Ventral 
NIGP Ske 16 HV 5 Ventral 
NIGP Ske 17 HV 8 Ventral 
NIGP Ske 18 HV 5 Ventral 
NIGP Ske 19 HV 5 Ventral 
NIGP Ske 20 HV 5 Ventral 
NIGP Ske 21 HV 15 Ventral 
NIGP Ske 22 HV 13 Ventral 
NIGP Ske 23 HV 5 Internal mould of ventral 
NIGP Ske 24 HV 13 Dorsal 
Spiriferella 
mugunica Pavlova 
in Pavlova et al., 
1991 
17 9 
NIGP Smu 01 HV 15 Conjoined 
NIGP Smu 02 HV 15 Conjoined 
NIGP Smu 03 HV 5 Conjoined 
NIGP Smu 04 HV 15 Conjoined 
NIGP Smu 05 HV 5 Ventral 
NIGP Smu 06 HV 5 Ventral 
NIGP Smu 07 HV 5 Ventral 
NIGP Smu 08 HV 5 Ventral 
NIGP Smu 09 HV 5 Internal mould of ventral 
Spiriferella ovata 
Lee and Gu, 1976 100 20 
NIGP Sov 01 HV 5 Conjoined 
NIGP Sov 02 HV 5 Ventral 
NIGP Sov 03 HV 5 Ventral 
NIGP Sov 04 HV 5 Ventral 
NIGP Sov 05 HV 13 Ventral 
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NIGP Sov 06 HV 5 Ventral 
NIGP Sov 07 HV 5 Ventral 
NIGP Sov 08 HV 5 Ventral 
NIGP Sov 09 HV 13 Ventral 
NIGP Sov 10 HV 5 Ventral 
NIGP Sov 11 HV 5 Ventral 
NIGP Sov 12 HV 13 Ventral 
NIGP Sov 13 HV 5 Ventral 
NIGP Sov 14 HV 5 Ventral 
NIGP Sov 15 HV 5 Ventral 
NIGP Sov 16 HV 5 Ventral 
NIGP Sov 17 HV 8 Ventral 
NIGP Sov 18 HV 5 Ventral 
NIGP Sov 19 HV 5 Ventral 
NIGP Sov 20 HV 5 Internal mould of ventral 
Spiriferella 
praesaranae 
Stepanov, 1948 
>100 29 
NIGP Spr 01 HV 5 Conjoined 
NIGP Spr 02 HV 8 Ventral 
NIGP Spr 03 HV 5 Ventral 
NIGP Spr 04 HV 5 Ventral 
NIGP Spr 05 HV 5 Ventral 
NIGP Spr 06 HV 6 Ventral 
NIGP Spr 07 HV 5 Ventral 
NIGP Spr 08 HV 5 Ventral 
NIGP Spr 09 HV 15 Ventral 
NIGP Spr 10 HV 5 Conjoined 
NIGP Spr 11 HV 5 Ventral 
NIGP Spr 12 HV 5 Ventral 
NIGP Spr 13 HV 13 Ventral 
NIGP Spr 14 HV 5 Ventral 
NIGP Spr 15 HV 5 Ventral 
NIGP Spr 16 HV 5 Ventral 
NIGP Spr 17 HV 5 Ventral 
NIGP Spr 18 HV 5 Ventral 
NIGP Spr 19 HV 5 Ventral 
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NIGP Spr 20 HV 5 Ventral 
NIGP Spr 21 HV 5 Ventral 
NIGP Spr 22 HV 5 Ventral 
NIGP Spr 23 HV 5 Ventral 
NIGP Spr 24 HV 5 Ventral 
NIGP Spr 25 HV 5 Ventral 
NIGP Spr 26 HV 8 Ventral 
NIGP Spr 27 HV 13 Ventral 
NIGP Spr 28 HV 5 Ventral 
NIGP Spr 29 HV 5 Internal mould of ventral 
Spitzbergenia 
ogonerensis 
(Zavodowsky, 
1960b) 
42 15 
NIGP Spo 01 HV 14 Ventral 
NIGP Spo 02 HV 14 Ventral 
NIGP Spo 03 HV 14 Ventral 
NIGP Spo 04 HV 14 Ventral 
NIGP Spo 05 HV 14 Ventral 
NIGP Spo 06 HV 14 Ventral 
NIGP Spo 07 HV 14 Ventral 
NIGP Spo 08 HV 14 Ventral 
NIGP Spo 09 HV 14 Ventral 
NIGP Spo 10 HV 14 Ventral 
NIGP Spo 11 HV 14 Ventral 
NIGP Spo 12 HV 14 Internal mould of ventral 
NIGP Spo 13 HV 14 Internal mould of ventral 
NIGP Spo 14 HV 14 External mould of dorsal 
NIGP Spo 15 HV 7 External mould of dorsal 
Stenoscisma 
biplicatum 
(Stuckenberg, 
1898) 
11 4 
NIGP Sbi 01 HV 13 Conjoined 
NIGP Sbi 02 HV 7 Conjoined 
NIGP Sbi 03 HV 14 Ventral 
NIGP Sbi 04 HV 5 Internal mould of ventral 
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Stenoscisma sp. 2 1 NIGP Ssp 01 HV 14 Dorsal 
Streptorhynchus sp. 1 1 NIGP Sp 01 HV 5 Internal mould of dorsal 
Tiramnia 
greenlandica 
(Dunbar, 1955) 
9 7 
NIGP Tgr 01 HV 15 Conjoined 
NIGP Tgr 02 HV 15 Conjoined 
NIGP Tgr 03 HV 15 Conjoined 
NIGP Tgr 04 HV 15 Conjoined 
NIGP Tgr 05 HV 15 Conjoined 
NIGP Tgr 06 HV 15 Conjoined 
NIGP Tgr 07 HV 15 Conjoined 
Uraloproductus 
bilobatus Abramov 
and Grigorjewa, 
1988 
5 5 
NIGP Ub 01 HV 7 Ventral 
NIGP Ub 02 HV 14 Ventral 
NIGP Ub 03 HV 14 External mould of dorsal 
NIGP Ub 04 HV 14 External mould of dorsal 
NIGP Ub 05 HV 5 Ventral 
Uraloproductus 
stuckenbergianus 
(Krotow, 1885) 
23 22 
NIGP Us 01 HV 7 External mould of dorsal 
NIGP Us 02 HV 7 External mould of dorsal 
NIGP Us 03 HV 5 Ventral 
NIGP Us 04 HV 14 Ventral 
NIGP Us 05 HV 14 Ventral 
NIGP Us 06 HV 14 Ventral 
NIGP Us 07 HV 14 Ventral 
NIGP Us 08 HV 14 External mould of dorsal 
NIGP Us 09 HV 14 Ventral 
NIGP Us 10 HV 5 External mould of dorsal 
NIGP Us 11 HV 14 External mould of dorsal 
NIGP Us 12 HV 5 Ventral 
NIGP Us 13 HV 14 External mould of dorsal 
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NIGP Us 14 HV 14 External mould of dorsal 
NIGP Us 15 HV 14 External mould of dorsal 
NIGP Us 16 HV 14 Ventral 
NIGP Us 17 HV 14 External mould of dorsal 
NIGP Us 18 HV 7 Ventral 
NIGP Us 19 HV 5 Ventral 
NIGP Us 20 HV 5 External mould of dorsal 
NIGP Us 21 HV 14 External mould of dorsal 
NIGP Us 22 HV 5 External mould of ventral 
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Appendix 3  Table list of all registered specimens from the Dzhirem-Ula 
section 
Brachiopod 
species 
Number 
of 
specimens 
Registered 
specimens 
Registration 
number 
Field 
collection 
bed 
Conjoined/Ventral/ 
Dorsal valves 
Alispiriferella lita 
(Fredericks, 
1924a) 
12 6 
NIGP Alt 01 JL-E 6 Conjoined 
NIGP Alt 02 JL-E 6 Ventral 
NIGP Alt 03 JL-E 6 Ventral 
NIGP Alt 04 JL-E 6 Ventral 
NIGP Alt 05 JL-E 6 Ventral 
NIGP Alt 06 JL-E 6 Ventral 
Anemonaria sp. 15 5 
NIGP Ass 01 JL 2 Ventral 
NIGP Ass 02 JL 2 Ventral 
NIGP Ass 03 JL 2 Ventral 
NIGP Ass 04 JL 2 Ventral 
NIGP Ass 05 JL 2 Ventral 
Anemonaria 
sulankherensis 
Manankov, 1998a 
53 16 
NIGP Asu 01 JL 2 Ventral 
NIGP Asu 02 JL 2 Ventral 
NIGP Asu 03 JL 2 Ventral 
NIGP Asu 04 JL 2 Ventral 
NIGP Asu 05 JL 2 Ventral 
NIGP Asu 06 JL 2 Ventral 
NIGP Asu 07 JL 2 Ventral 
NIGP Asu 08 JL 2 Ventral 
NIGP Asu 09 JL 2 Ventral 
NIGP Asu 10 JL 2 Ventral 
NIGP Asu 11 JL 2 Ventral 
NIGP Asu 12 JL 3 Ventral 
NIGP Asu 13 JL 2 Ventral 
NIGP Asu 14 JL 2 Dorsal 
NIGP Asu 15 JL 2 External mould of dorsal 
NIGP Asu 16 JL 2 External mould of dorsal 
Anidanthus 
sinuata 5 3 
NIGP Asi 01 JL-E 6 Conjoined 
NIGP Asi 02 JL 4 Ventral 
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(Ustritsky, 1963) NIGP Asi 03 JL-E 6 External mould of dorsal 
Anidanthus 
ussuricus 
(Fredericks, 
1924a) 
19 6 
NIGP Aus 01 JL-E 5 Ventral 
NIGP Aus 02 JL-E 5 Ventral 
NIGP Aus 03 JL-E 6 Ventral 
NIGP Aus 04 JL-E 6 Ventral 
NIGP Aus 05 JL-E 6 Ventral 
NIGP Aus 06 JL-E 6 Ventral 
Arctitreta kempei 
(Andersson in 
Wiman, 1914) 
1 1 NIGP Ark 01 JL 2 Ventral 
Betaneospirifer 
sp. 9 3 
NIGP Bsp 01 JL-E 6 Ventral 
NIGP Bsp 02 JL-E 6 Ventral 
NIGP Bsp 03 JL 4 Ventral 
Cancrinella 
koninckiana 
(Verneuil, 1845) 
35 11 
NIGP Cak 01 JL 4 Ventral 
NIGP Cak 02 JL 4 Ventral 
NIGP Cak 03 JL 4 Ventral 
NIGP Cak 04 JL 4 Ventral 
NIGP Cak 05 JL 4 Ventral 
NIGP Cak 06 JL 4 Ventral 
NIGP Cak 07 JL 4 Ventral 
NIGP Cak 08 JL 4 Ventral 
NIGP Cak 09 JL 4 Ventral 
NIGP Cak 10 JL 4 Ventral 
NIGP Cak 11 JL 4 External mould of dorsal 
Cancrinella sp. 1 1 NIGP Cas 01 JL-E 6 Ventral 
Cleiothyridina 
subexpansa 
(Waagen, 1883) 
6 4 
NIGP Csu 01 JL-E 6 Conjoined 
NIGP Csu 02 JL-E 6 Ventral 
NIGP Csu 03 JL-E 6 Ventral 
NIGP Csu 04 JL-E 6 Internal mould of dorsal 
Echinauris 
jisuensis (Chao, 
1927) 
11 5 
NIGP Ecj 01 JL-E 6 Ventral 
NIGP Ecj 02 JL-E 6 Ventral 
NIGP Ecj 03 JL-E 6 Ventral 
NIGP Ecj 04 JL-E 5 Ventral 
NIGP Ecj 05 JL-E 5 Ventral 
Globiella 4 3 NIGP Gre 01 JL 4 Ventral 
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reshetovi 
Manankov, 1998a 
NIGP Gre 02 JL 4 Ventral 
NIGP Gre 03 JL 4 Ventral 
Horridonia 
morrisi (Chao, 
1927) 
2 2 
NIGP Hom 
01 JL-E 5 Ventral 
NIGP Hom 
02 JL-E 6 Ventral 
Kaninospirifer 
adpressum (Liu 
and Waterhouse, 
1985) 
7 4 
NIGP Kad 01 JL-E 6 Conjoined 
NIGP Kad 02 JL-E 5 Ventral 
NIGP Kad 03 JL-E 6 Ventral 
NIGP Kad 04 JL-E 6 Dorsal 
Kaninospirifer 
incertiplicatus 
Pavlova in 
Pavlova et al., 
1991 
25 4 
NIGP Kin 01 JL 4 Ventral 
NIGP Kin 02 JL 2 Ventral 
NIGP Kin 03 JL 4 Ventral 
NIGP Kin 04 JL 1 Dorsal 
Kochiproductus 
maximus 
Manankov in 
Pavlova et al., 
1991 
18 8 
NIGP Kom 
01 JL 4 Ventral 
NIGP Kom 
02 JL 4 Ventral 
NIGP Kom 
03 JL 4 Ventral 
NIGP Kom 
04 JL 4 Ventral 
NIGP Kom 
05 JL 4 Ventral 
NIGP Kom 
06 JL-E 6 Ventral 
NIGP Kom 
07 JL-E 6 Dorsal 
NIGP Kom 
08 JL-E 6 External mould of dorsal 
Kochiproductus 
saranaeanus 
(Fredericks, 
1933) 
75 15 
NIGP Kos 01 JL 4 Ventral 
NIGP Kos 02 JL 4 Ventral 
NIGP Kos 03 JL 4 Ventral 
NIGP Kos 04 JL 4 Ventral 
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NIGP Kos 05 JL 4 Ventral 
NIGP Kos 06 JL 4 Ventral 
NIGP Kos 07 JL-E 6 Ventral 
NIGP Kos 08 JL-E 6 Ventral 
NIGP Kos 09 JL-E 6 Ventral 
NIGP Kos 10 JL-E 5 Dorsal 
NIGP Kos 11 JL 3 Dorsal 
NIGP Kos 12 JL-E 5 Dorsal 
NIGP Kos 13 JL 4 External mould of dorsal 
NIGP Kos 14 JL 4 External mould of dorsal 
NIGP Kos 15 JL 4 External mould of dorsal 
Leptodus nobilis 
(Waagen, 1883) 1 1 NIGP Lno 01 JL-E 6 
Internal mould of 
ventral 
Liosotella 
decimana 
Manankov in 
Pavlova et al., 
1991 
59 14 
NIGP Lid 01 JL 4 Ventral 
NIGP Lid 02 JL 4 Ventral 
NIGP Lid 03 JL 4 Ventral 
NIGP Lid 04 JL 4 Ventral 
NIGP Lid 05 JL 4 Ventral 
NIGP Lid 06 JL 4 Ventral 
NIGP Lid 07 JL 4 Ventral 
NIGP Lid 08 JL 4 Ventral 
NIGP Lid 09 JL 4 Ventral 
NIGP Lid 10 JL 4 Ventral 
NIGP Lid 11 JL 4 Ventral 
NIGP Lid 12 JL 4 External mould of dorsal 
NIGP Lid 13 JL 4 External mould of dorsal 
NIGP Lid 14 JL 4 External mould of dorsal 
Marginifera 
gobiensis Chao, 
1927 
17 9 
NIGP Mag 01 JL-E 5 Conjoined 
NIGP Mag 02 JL-E 5 Ventral 
NIGP Mag 03 JL-E 5 Ventral 
NIGP Mag 04 JL-E 5 Ventral 
NIGP Mag 05 JL-E 5 Ventral 
NIGP Mag 06 JL-E 5 Ventral 
NIGP Mag 07 JL-E 6 Ventral 
NIGP Mag 08 JL-E 5 Ventral 
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NIGP Mag 09 JL-E 6 External mould of dorsal 
Marginifera 
leptorugosa Duan 
and Li, 1985 
9 6 
NIGP Mal 01 JL-E 6 Conjoined 
NIGP Mal 02 JL-E 5 Ventral 
NIGP Mal 03 JL-E 5 Ventral 
NIGP Mal 04 JL-E 6 Ventral 
NIGP Mal 05 JL-E 5 External mould of dorsal 
NIGP Mal 06 JL-E 6 External mould of dorsal 
Mongolochonetes 
inaequalis 
Afanasjeva, 1991 
58 20 
NIGP Moi 01 JL-E 5 Conjoined 
NIGP Moi 02 JL-E 5 Ventral 
NIGP Moi 03 JL-E 5 Ventral 
NIGP Moi 04 JL-E 5 Ventral 
NIGP Moi 05 JL-E 5 Ventral 
NIGP Moi 06 JL-E 5 Ventral 
NIGP Moi 07 JL-E 5 Ventral 
NIGP Moi 08 JL-E 5 Ventral 
NIGP Moi 09 JL-E 5 Ventral 
NIGP Moi 10 JL-E 5 Ventral 
NIGP Moi 11 JL-E 5 Ventral 
NIGP Moi 12 JL-E 5 Ventral 
NIGP Moi 13 JL-E 5 External mould of dorsal 
NIGP Moi 14 JL-E 5 External mould of dorsal 
NIGP Moi 15 JL-E 5 External mould of dorsal 
NIGP Moi 16 JL-E 5 External mould of dorsal 
NIGP Moi 17 JL-E 5 External mould of dorsal 
NIGP Moi 18 JL-E 5 External mould of dorsal 
NIGP Moi 19 JL-E 5 External mould of dorsal 
NIGP Moi 20 JL-E 5 External mould of dorsal 
Mongolochonetes 
sp. 15 7 
NIGP Mos 01 JL-E 5 Conjoined 
NIGP Mos 02 JL-E 5 Ventral 
NIGP Mos 03 JL-E 5 Ventral 
NIGP Mos 04 JL-E 5 Dorsal 
NIGP Mos 05 JL-E 5 Dorsal 
NIGP Mos 06 JL-E 5 External mould of dorsal 
NIGP Mos 07 JL-E 5 External mould of dorsal 
Neospirifer 5 2 NIGP Nfa 01 JL 4 Ventral 
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fasciger 
(Keyserling, 
1846) 
NIGP Nfa 02 JL 4 
Ventral 
Neospirifer sp. 3 2 NIGP Nep 01 JL-E 6 Ventral NIGP Nep 02 JL-E 5 Dorsal 
Neospirifer 
yihewusuensis 
Duan and Li, 
1985 
15 4 
NIGP Nyi 01 JL-E 6 Ventral 
NIGP Nyi 02 JL-E 5 Ventral 
NIGP Nyi 03 JL-E 6 Dorsal 
NIGP Nyi 04 JL-E 6 External mould of dorsal 
Paramarginifera 
peregrina 
Fredericks, 1924a 
85 20 
NIGP Pap 01 JL-E 5 Conjoined 
NIGP Pap 02 JL-E 5 Ventral 
NIGP Pap 03 JL-E 6 Ventral 
NIGP Pap 04 JL-E 6 Ventral 
NIGP Pap 05 JL-E 6 Ventral 
NIGP Pap 06 JL-E 5 Ventral 
NIGP Pap 07 JL-E 5 Ventral 
NIGP Pap 08 JL-E 6 Ventral 
NIGP Pap 09 JL-E 6 Ventral 
NIGP Pap 10 JL-E 6 Ventral 
NIGP Pap 11 JL-E 6 Ventral 
NIGP Pap 12 JL-E 5 Ventral 
NIGP Pap 13 JL-E 5 Ventral 
NIGP Pap 14 JL-E 5 Ventral 
NIGP Pap 15 JL-E 6 Ventral 
NIGP Pap 16 JL-E 6 Ventral 
NIGP Pap 17 JL-E 5 External mould of dorsal 
NIGP Pap 18 JL-E 5 External mould of dorsal 
NIGP Pap 19 JL-E 5 External mould of dorsal 
NIGP Pap 20 JL-E 6 External mould of dorsal 
Paramarginifera 
sp. 4 3 
NIGP Pas 01 JL-E 5 Ventral 
NIGP Pas 02 JL-E 5 Ventral 
NIGP Pas 03 JL-E 6 External mould of dorsal 
Poikilosakos cf. 
kamiyassensis 2 2 NIGP Pka 01 JL-E 6 
Internal mould of 
ventral 
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Tazawa and 
Takaizumi, 1987 NIGP Pka 02 JL-E 6 
Internal mould of 
ventral 
Rhynchopora 
tchernyshae 
Koczyrkevicz, 
1979a 
20 5 
NIGP Rtc 01 JL-E 5 Conjoined 
NIGP Rtc 02 JL-E 5 Conjoined 
NIGP Rtc 03 JL-E 5 Ventral 
NIGP Rtc 04 JL-E 5 Ventral 
NIGP Rtc 05 JL-E 5 Ventral 
Spiriferella 
keilhaviiformis 
Fredericks, 1916 
45 6 
NIGP Spk 01 JL-E 6 Ventral 
NIGP Spk 02 JL-E 6 Ventral 
NIGP Spk 03 JL-E 6 Ventral 
NIGP Spk 04 JL 4 Ventral 
NIGP Spk 05 JL 4 Ventral 
NIGP Spk 06 JL 4 Ventral 
Stenoscisma 
margaritovi 
(Tschernyschew, 
1888) 
18 6 
NIGP Sma 01 JL-E 5 Conjoined 
NIGP Sma 02 JL-E 5 Conjoined 
NIGP Sma 03 JL-E 6 Conjoined 
NIGP Sma 04 JL-E 5 Conjoined 
NIGP Sma 05 JL-E 5 Ventral 
NIGP Sma 06 JL-E 5 Dorsal 
Stenoscisma 
purdoniformis 
(Grabau, 1931) 
21 6 
NIGP Spu 01 JL-E 5 Conjoined 
NIGP Spu 02 JL-E 6 Conjoined 
NIGP Spu 03 JL-E 6 Conjoined 
NIGP Spu 04 JL-E 6 Conjoined 
NIGP Spu 05 JL-E 6 Conjoined 
NIGP Spu 06 JL-E 5 Dorsal 
Stenoscisma sp. 3 1 NIGP Stp 01 JL 4 Conjoined 
Streptorhynchus 
broilii Grabau, 
1931 
7 3 
NIGP Sbr 01 JL-E 6 Ventral 
NIGP Sbr 02 JL-E 5 Ventral 
NIGP Sbr 03 JL-E 5 External mould of ventral 
Streptorhynchus 
sp. 2 2 
NIGP Stp 01 JL-E 6 External mould of ventral 
NIGP Stp 02 JL-E 6 External mould of dorsal 
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Strophalosia 
kharaerdensis 
Manankov, 1998a 
1 1 NIGP Skh 01 JL-E 6 Ventral 
Waagenoconcha 
(Waagenochocha) 
angustata 
Sarytcheva, 1984 
28 9 
NIGP Wan 01 JL 4 Ventral 
NIGP Wan 02 JL 4 Ventral 
NIGP Wan 03 JL 4 Ventral 
NIGP Wan 04 JL 4 Ventral 
NIGP Wan 05 JL 4 Ventral 
NIGP Wan 06 JL 4 Ventral 
NIGP Wan 07 JL 4 Ventral 
NIGP Wan 08 JL 4 Ventral 
NIGP Wan 09 JL 1 External mould of dorsal 
Waagenoconcha 
(Waagenochocha) 
impercepta 
Manankov in 
Pavlova et al., 
1991 
96 16 
NIGP Wim 
01 JL 4 Conjoined 
NIGP Wim 
02 JL 4 Ventral 
NIGP Wim 
03 JL 4 Ventral 
NIGP Wim 
04 JL 4 Ventral 
NIGP Wim 
05 JL 4 Ventral 
NIGP Wim 
06 JL 4 Ventral 
NIGP Wim 
07 JL 4 Ventral 
NIGP Wim 
08 JL 4 Ventral 
NIGP Wim 
09 JL 4 Ventral 
NIGP Wim 
10 JL 4 Ventral 
NIGP Wim 
11 JL 4 Ventral 
NIGP Wim JL 4 Ventral 
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12 
NIGP Wim 
13 JL 4 Ventral 
NIGP Wim 
14 JL 4 Ventral 
NIGP Wim 
15 JL 3 Dorsal 
NIGP Wim 
16 JL 3 Dorsal 
Waagenoconcha 
(Waagenochocha) 
permocarbonica 
Ustritsky in 
Ustritsky and 
Tschernjak, 1963 
26 9 
NIGP Wpe 01 JL-E 5 Conjoined 
NIGP Wpe 02 JL-E 5 Conjoined 
NIGP Wpe 03 JL-E 6 Conjoined 
NIGP Wpe 04 JL-E 6 Ventral 
NIGP Wpe 05 JL-E 5 Dorsal 
NIGP Wpe 06 JL-E 5 External mould of dorsal 
NIGP Wpe 07 JL-E 5 External mould of dorsal 
NIGP Wpe 08 JL-E 5 External mould of dorsal 
NIGP Wpe 09 JL-E 5 External mould of dorsal 
Wyndhamia 
tjuvaevi 
Manankov, 1998a 
20 9 
NIGP Wtj 01 JL-E 5 Ventral 
NIGP Wtj 02 JL-E 5 Ventral 
NIGP Wtj 03 JL-E 5 Ventral 
NIGP Wtj 04 JL-E 5 Ventral 
NIGP Wtj 05 JL-E 5 Ventral 
NIGP Wtj 06 JL-E 5 Ventral 
NIGP Wtj 07 JL-E 5 Ventral 
NIGP Wtj 08 JL-E 5 Ventral 
NIGP Wtj 09 JL-E 5 Dorsal 
Yakovlevia 
dzhiremulensis 
Manankov, 1998a 
39 13 
NIGP Yad 01 JL-E 6 Ventral 
NIGP Yad 02 JL-E 5 Ventral 
NIGP Yad 03 JL-E 5 Ventral 
NIGP Yad 04 JL-E 5 Ventral 
NIGP Yad 05 JL-E 5 Ventral 
NIGP Yad 06 JL-E 5 Ventral 
NIGP Yad 07 JL-E 6 Ventral 
NIGP Yad 08 JL-E 6 Ventral 
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NIGP Yad 09 JL-E 6 Ventral 
NIGP Yad 10 JL-E 5 Ventral 
NIGP Yad 11 JL-E 6 Ventral 
NIGP Yad 12 JL-E 6 Ventral 
NIGP Yad 13 JL-E 6 Ventral 
Yakovlevia 
kaluzinensis 
Fredericks, 1925 
58 15 
NIGP Yak 01 JL-E 5 Ventral 
NIGP Yak 02 JL-E 6 Ventral 
NIGP Yak 03 JL-E 6 Ventral 
NIGP Yak 04 JL-E 6 Ventral 
NIGP Yak 05 JL-E 6 Ventral 
NIGP Yak 06 JL-E 6 Ventral 
NIGP Yak 07 JL-E 6 Ventral 
NIGP Yak 08 JL-E 6 Ventral 
NIGP Yak 09 JL-E 6 Ventral 
NIGP Yak 10 JL-E 6 Ventral 
NIGP Yak 11 JL-E 6 Ventral 
NIGP Yak 12 JL-E 6 Ventral 
NIGP Yak 13 JL-E 5 Ventral 
NIGP Yak 14 JL-E 5 External mould of dorsal 
NIGP Yak 15 JL-E 5 External mould of dorsal 
Yakovlevia 
mammatiformis 
(Fredericks, 
1926) 
9 5 
NIGP Yam 
01 JL 4 Ventral 
NIGP Yam 
02 JL 4 Ventral 
NIGP Yam 
03 JL 4 Ventral 
NIGP Yam 
04 JL 4 Ventral 
NIGP Yam 
05 JL 4 External mould of dorsal 
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APPENDIX 4 SUPPORTING PAPERS 
 
The following refereed publications resulted from work undertaken during my 
PhD candidature at Deakin University, either as a primary author or a co-author. For 
the joint papers, the extent of my estimated contribution is indicated as a percentage 
in the following list. 
 
1. Li Wenzhong (=Wenzhong Li), Shen Shuzhong. 2008. Lopingian (Late 
Permian) brachiopods around the Wuchiapingian- Changhsingian boundary at 
the Meishan Sections C and D, Changxing, South China. Geobios, 41(2): 307-
320. (80%) 
2. Wenzhong Li, G. R. Shi, Ariunchimeg, Yarinpil, Weihong He and Shuzhong 
Shen. 2012. Cancrinella and Costatumulus (Brachiopoda) from the Permian of 
South Mongolia and South China: their morphology, biostratigraphy and 
distribution. Geobios, 45(3): 279-309. (80%) 
3. Shu-zhong Shen, James L. Crowley, Yue Wang, Samuel A. Bowring, Douglas 
H. Erwin, Peter M. Sadler, Chang-qun Cao, Daniel H. Rothman, Charles M. 
Henderson, Jahandar Ramezani, Hua Zhang, Yanan Shen, Xiang-dong Wang, 
Wei Wang, Lin Mu, Wen-zhong Li, Yue-gang Tang, Xiao-lei Liu, Lu-jun Liu, 
Yong Zeng, Yao-fa Jiang, Yu-gan Jin. 2011. Calibrating the End-Permian 
Mass Extinction. Science, 334, 1367-1372. (10%) 
4. Shu-zhong Shen, Chang-qun Cao, Yi-chun Zhang, Wen-zhong Li, G. R. Shi, 
Yue Wang, Ya-sheng Wu, K. Ueno, C.M. Henderson, Xiang-dong Wang, Hua 
Zhang, Xiao-jue Wang and Jun Chen, 2010. End-Permian mass extinction and 
palaeoenvironmental changes in Neotethys: Evidence from an oceanic 
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carbonate section in southwestern Tibet. Global and Planetary Change, 73(1-
2): 3-14. (30%) 
5. Shen Shuzhong, Zhang Hua, Shi, G.R., Li Wenzhong, Xie Junfang, Mu Lin 
and Fan Junxuan. 2012. Early Permian (Cisuralian) global brachiopod 
palaeobiogeography. Gondwana Research (In press, online version available: 
http://dx.doi.org/10.1016/j.gr.2012.05.017). (15%) 
 
 Note: 
Paper 1 was initially submitted for publication before starting the PhD research, and 
was revised and then accepted for published during the candidature. 
 
 
